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Scintillator array 
tracks radiation p. 60 


SCINTILLATION COUNTING-1958 


see page 54 
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gamma-ray 


SPECTROMETER 


by nuclear-chicago 


Model 1820 Recording Spectrometer combines 
a precision non-overloading single channel 

pulse height analyzer, analytical count rate meter, 
automatic scanning controls, and a recorder in 

a single chassis for quantitative energy separation 
of gamma-ray spectra. It offers these 
outstanding features: 


@ completely automatic scanning and recording 
of gamma-ray spectra 


@ exceptional non-overloading characteristics of 
linear amplifier 


wide choice of full scale ranges, time 
constants, scanning speeds, chart lengths 


extremely stable, wide range high 
voltage supply 


motor-driven base level potentiometer with 





automatic shut-off 


@ window width continuously variable from zero 
to 10 percent of spectrum range 


Model 1820 provides simple controls for greater 
ease in operation, while offering extremely 
stable circuitry for high linearity and freedom from 
drift. It greatly facilitates multiple-isotope tracer 
analysis, isotope identification, relative isotopic 
MODEL 1820 abundance studies, determination of radiochemical 
CE OS CIES SEE ee purity, and other techniques in which a true record 
of count rate vs. gamma-ray energy is required. 
Model 1820 and more than 30 other 
new instruments for radiation detection 
and measurement are fully described 
in our new Catalog Q, available on request. 
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Typical scans made with Model 1820 Recording Spectrometer Window width was % volt during all four scans. Energy 
using DS5-3P scintillation detector with 2’ x 2” solid crystal. figures are in mev. 
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Communication—Our Business 


Fundamentally communication is 
our business. Normally 
is the printed page, but this is often 
supplemented by reader services of 
various types and has now expanded to 


our medium 


a small beachhead involving meetings. 
What we are backing into telling you 
about is that NUCLEONICS sponsored 
a seminar on ‘What the Foreign 
Atomic Energy Market Means to 
U. S. Industry in 1958” in New York 
City last month. Designed to high- 
light this market in the year of the 
second Geneva Conference and _ in- 
creased cooperation between the U. 8. 
and Euratom 
the seminar brought ten speakers on 
various aspects of the to a 
platform in the Savoy-Plaza Hotel 
Speakers 


(see Editorial, p. 53) 


subject 


before an audience of 150 


at the morning session, and 


panel 


Daniel looper 
Nacleonics 


PANEL AT MORNING SESSION defined status of U. S. program 
and needs abroad; left to right J. D. Luntz, R. H. Ellis, H. L. Davis, 


> 
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LUNCHEON SPEAKER, AEC Commissioner John Floberg, right, talks with Howard 
Mateer, publisher of NUCLEONICS (left) and Eugene Zuckert, former Commissioner 


participants in the luncheon are shown 
this page. The after- 
was devoted to three talks 

L958 Conference by 
Atomic In- 
dustrial Forum, on the foreign market 


elsewhere on 
noon 
on the 
Oliver Townsend of the 


Geneva 


for atomic energy equipment by 
Frederick Warren of Pickard-Warren- 
Lowe Associates and on how American 
nuclear companies are selling abroad 
by John Kenton of NUCLEONICS 








Corbin Allardice 
The World Bank 


after through the 
running the 
stick to 


but our audience seemed so apprecia- 


going 


Frankly, 
headaches of meeting 


we'd just as soon our last, 
tive and we ourselves learned sO much 
that we might try again some time. 
In any event we did succeed in getting 
out the 


you to 


magazine betimes and urge 
inspect the wares displayed 
within. 


The Editors 


- o 
James Girdwood 


UCIE 


all of NUCLEONICS, Corbin Allardice of the World Bank, and 
James Girdwood, Advertising Sales Manager of NUCLEONICS 
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Coming Features in 
NUCLEONICS 


Next Month 
Nuclear 


Ultrasonic Decontamination 


Lockets 


Neutron Spectrum Measurements 


Later Months 

Nuclear Fuels 

Reactors on the Line, No. 6 
Oak Ridge 
Shock Waves in Reactor 


tesearch Reactor 


Containment 


Environmental Surveys 





A major advance in South American science is this recently 
activated research reactor at Sao Paulo University. Shown here 


is the working floor level of the 5-Mw unit. 


Model of B&W Swimming Pool Reactor. Operative units are 
now supplying nuclear data at leading universities and re- 


search centers. 


First South American reactor 
is operating at Brazil’s University of Sao Paulo 


Designed to produce 5000 kw of power . . . the highest 
capacity of any “swimming pool” type of reactor in exist- 
ence .. . this new research reactor will play an important 
role in Brazil’s contribution to the fields of medical, bio- 
logical and industrial nuclear research. Operating success- 
fully at the University of Sao Paulo, it has achieved 
Latin America’s first sustained nuclear fission. The 
“swimming pool” reactor’s name is derived from the 
water-filled concrete pool in which the core is submerged. 


The reactor and the fuel elements which make up the 
reactor core were designed, fabricated and installed by 
The Babcock & Wilcox Company. The fissionable ma- 
terial in each fuel element is 20 percent enriched 
uranium 235. 


Typical of B&W thoroughness and sound engineering 
were the extensive tests and research that assured success- 
ful operation. These included criticality experiments con- 
ducted in a similar research reactor in the U. S. under 
conditions duplicating those expected in Brazil. The re- 
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sult is an important step in President Eisenhower's 
“Atoms For Peace” program, which was designed to 
encourage and aid the development of nuclear energy for 
peacetime uses throughout the world. 


In nuclear power development, B&W is a leading 
source for power reactors, propulsion reactors, research 
reactors, fuel elements, reactor components and experi- 
mental reactor development. The Babcock & Wilcox 
Company, Atomic Energy Division, 161 East 42nd Street, 
New York 17, N. Y. 
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true 


soft beta counting 


-simple 
operation 

















THE TMC LP-2A LIQUID PHOSPHOR COUNTER 


For precise counting of soft beta emitters such as Car- 
bon 14, Tritium, Sulphur 35, the TMC Model LP-2A 
Liquid Phosphor Counter offers many exclusive advan- 
tages in both operation and design, proven in the various 
applications of nuclear radiation in all fields of research. 
Here are the primary reasons for the LP-2A’s outstand- 
ing performance — 


DETECTION . . . Two refrigerated photomultiplier tubes 
— specially selected and matched for highest sensitivity 
and lowest accidental coincidence noise — measure and 
analyze light output. The sample holder is equipped 
with an interlocking shutter mechanism which permits 
sample changing without removing phototube high 
voltage. Overall electronic gain is 100,000 with 0.15 us. 
rise time. 


COUNTING ... A fast coincidence pulse height analyzer 
uses coincidence on all levels and pulse height analysis 
on both amplifier channels. This means that pulses, to 
be counted, must be analyzed by both detectors simul- 
taneously. (If one pulse falls in the upper channel and 
the other in the lower channel, it is counted as a lower 
channel event.) This considerably reduces coincidence 
noise and photomultiplier selection. Operation with 
separated channels is also possible. 


READOUT... Two precision scalers are used—each 
with a 2.5 us. resolving time and total capacity of up to 
10’ counts, on three decade scaling strips and a mechan- 
ical register. One scaler counts all pulses between lower 





MC 


and middle level settings. The second scaler counts 
pulses between the middle level and upper level (to 
infinity if desired). This feature permits simultaneous 
counting of two isotopes with an energy difference as 
small as 3 to 1. 


DYNAMIC DISCRIMINATOR RANGE .. . The dynamic 
discriminators will mairitain stable operation on as little 
as 5 volts, thus giving them the extremely wide range 
of 20 to 1. This is of primary importance when count- 
ing different isotopes simultaneously. The Model 
HV-4A Ultra-Stable High Voltage Power Supply may 
be precisely set to a given voltage and this setting may 
be later duplicated within a fraction of a volt. Stability 
is 50 parts per million/hr. or 200 parts/million/day, re- 
sulting in minimum drift. This means simpler operation 
because minimum adjustment is required. 


UNITIZED CONSTRUCTION . .. Each component (dual 
amplifier, analyzer, dual scaler, high voltage source) has 
its own power supply, thus permitting easy servicing 
and testing of individual units. All units are housed in a 
rugged enclosed cabinet and cooled by forced filtered air. 


The accurate, dependable components and advanced 
circuitry design make the LP-2A a research instrument 
capable of optimum performance and versatility. 
Detailed data concerning the LP-2A or catalog “C” 
which describes the complete TMC line are available 
on request. TMC also invites your inquiries concerning 
specific instrumentation recommendations. 
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Take a new /ook at 


TAUIRGONUULA 


Now zirconium takes another giant step 
... from an expensive rarity to a 
readily available special-purpose metal. 
Capacity is now on hand for not only 
A.E.C. requirements but also 
commercial markets. And, as in 
titanium, Mallory-Sharon is in the 
forefront of this rapid development. 

A modern, highly efficient zirconium 
and titanium sponge plant at 
Ashtabula, Ohio, now makes 
Mallory-Sharon the largest single 
source of metallic zirconium, 
and its by-product, hafnium. 

Mallory-Sharon’s integrated 
production facilities... from raw 
materials through finished mill products 
...mean greater availability and 
lower costs. 

We’re ready now to help you explore 
practical commercial uses for 
zirconium. Write us for technical 
information, or engineering assistance 
on specific applications. 

For technical facts — Write for new 16-page booklet, 
giving technical and application data on zirconium... 
its excellent corrosion resistance to most acids, alkalies 
For availability —-As Mallory-Sharon’s large, and combinations of these media... its remarkable 
modern, sponge plant reaches full production nuclear properties. 
this year, zirconium becomes readily available 
for all commercial applications. 


For mill products — Zirconium 
is now available from 
Mallory-Sharon in the form 
of rounds, bars and C 
billets, wire, tubing, 
strip, foil, sheet and plate. 
Quality and properties 
are carejully controiled at 


For lower prices — Greater availability will defi- 
every stage of production. 


nitely be reflected in lower prices. In many cases, 
the improved performance of zirconium parts 
much more than offsets their higher material cost. 


MALLORY Ms SHARON 


MALLORY-SHARON METALS CORPORATION + NILES, OHIO 


Integrated producer of Titanium ¢ Zirconium © Special Metals 
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leading reactor builder offers 


LONG RANGE 
CAREERS 


in worldwide nuclear projects 


EXPERIENCED NUCLEAR ENGINEERS 


ANALYTICAL 


Degree essential. Experience as required. 
Preliminary analysis: Conduct preliminary analysis and design of over- 
all power reactor systems and components. 
Shielding analysis: Advanced studies and analysis on stationary and 
mobile plants. 
Systems analysis: Engineering direction on reactor plant design. 
Control analysis: Reactor kinetic and overall nuclear power plant control. 
Hazard analysis. Analog and digital computers. 
Core analysis: Includes criticality, temperature, void and power coeffi- 
cients, control effectiveness and fuel cycles. 
Stress analysis: Structural, thermal, and dynamic stress analysis of high 
temperature reactor systems. 
Heat transfer analysis: Reactor systems— dynamics and thermo-dynamics 
of fluid flow. 
Operations: Foreign and domestic —for checkout, start-up and training. 
DEVELOPMENTAL 

Requires related experience and applicable degree. 
Fuel elements: Metallurgists for R&D on nuclear fuel materials, including 
radiation effects, evaluation of uranium and thorium alloy, and ceramics. 
Also for mechanical fabrication development for these materials. 
Instrumentation and control: Experienced physicists and EE’s for design 
and development of advanced design vacuum tube, transistor, and/or 
magnetic amplifier control and instrumentation components. Design and 
analysis on reactor control systems, using stability and transient response 
techniques. 
Nuclear fuel reprocessing: Inorganic and physical chemists for develop- 
mental studies and experimental work. Experience with radioactive mate- 
rials and high temperature processes desirable. 

DESIGN 
Senior openings. Degree required. Nuclear experience esse sntial. 
Control mechanisms: Control and safety rods, drives and allied tooling. 
Reactor core components: Moderator cans, fuel elements, core supporting 
structures. 
Machine design: Heavy mechanical. 
Electrical: Reactor control and power systems. 
Process systems and equipment: Pumps, Heat transfer equipment. 
Facilities: Mechanical systems. 
Process instrumentation: Reactor, auxiliary, and control systems. 


Other opportunities in: 
Theoretical, Experimental, Solid State Physics, Health Physics, 
Materials Research, Mechanical Component Development. 


Write for more details of exciting career opportunities at AI. SRE Fuel Handling Cask. The Sodium Reactor 
Mr.C.F, Newton, Personnel Office, Atomics International Experiment and the Organic Moderated Reactor 
15330 Raymer Street, Van Nuys, California Experiment are both in successful operation. 


Plans for sever . i . 
(In the suburban San Fernando Valley, near Los Angeles) ° A ral central station plants based on 
these experimental power reactors are underway. 


Al is also conducting an advanced power reactor 

ATOM ics INTERNA TIONAL study for Southwest Atomic Energy Associates. 
Overseas, AI has already sold 5 reactors, and is 

AVIATION, INC affiliated with ASEA of Sweden and the new com- 

Prot: EERS IN THE CRE ATIV E USE OF THE ATOM pany INTERATOM (with DeMaG, West Germany). 
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An integrated Picker-quality combination for 
measurement of counting rates and determination of 


in counting rate with time. 


2805 PRECISION RATEMETER 
Unequalled stability: only ratemeter available (so stable 
that it needs no zero adjustment control 


Range of 5 time constants (0.5 to 50 seconds) for fast 
reading response or for minimal statistical fluctuations 


Range of 7 counting rates (300 to 300,000 CPM) for accurate 
measurements from low background up to high activity levels 


Precision discrimination from 25 millivolts to 2.5 volts 
Stable linear amplifier 
Proportional-pitch audio signal 


vopaul ep fel 


1% circuit accuracy 


2803 HIGH VOLTAGE SUPPLY 


Returns to within 0.5 volts out of 1,000 volts when 
turned off and restarted later 


High voltage normally changes less than 0.001% per volt 
change in line voltage 


Daily drift is less than 0.02% with constant line voltage 
Range of 600 to 1,500 volts 


SUE 5 


10 chart speeds from 12”/min to 34”/hr selected by 
direct gearshift 


4," wide rectilinear chart 
1% accuracy 


.25 second full scale pen travel 


standing behind every Picker instrument, wher- 
ever installed, is a local member of the Picker 
X-Ray national sales and service network. He’s there 
to protect your investment. Because of him the user 
of a Picker instrument is never left stranded.* 


SZUOUINID 


) *There’s probably a Picker District office near you (see local ‘phone book) 
or write Picker X-Ray Corporation, 25 South Broadway, White Plains, N. Y. 


Vol. 16, No. 6 - June, 1958 7 





= 


Experience—the added alloy in A-L Stainless, Electrical and Tool Steels 


Allegheny Ludlum knows more about stainless 
than anybody... and puts it in print for you 


Allegheny Ludlum should know more about stainless 
than anybody: they've been the leading producer of all 
forms for more than 40 years. And the industry's only 
that old. 

Today, A-L produces more different sizes, shapes, 
finishes and alloys of stainless than any other company. 
Backing up its quality products are research and devel- 
opment facilities with people second to none. 

With know-how and experience gained over the years, 
Allegheny Ludlum keeps little of it secret: it offers the 
most complete selection of literature available anywhere. 


Literature, designed to help you learn more about 
Allegheny Stainless and how it can improve your product, 
is just one help offered by Allegheny Ludlum. You also 
get the best assistance from trained salesmen and tech- 
nicians, ready to help you on your specific problem. 

All this service is available through your Allegheny 
sales engineer. Call him today. Or, as a starter, write for 
the publication list describing the over 150 technical 
pieces made to assist you. 

Allegheny Ludlum Steel Corporation, Oliver Bidg., 
Pittsburgh 22, Pa. Address: Dept. NC-6 


wsw 7122 


ALLEGHENY LUDLUM 


for warehouse delivery of Allegheny Stainless, call RYERSON 
Export distribution: AIRCO INTERNATIONAL 


EVERY FORM OF STAINLESS ... 


EVERY HELP IN USING IT 
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Van de Graaff electron accelerator recently installed at Shell’s Emeryville Research Center 
is one of the most powerful sources of radiation available to industry. 


a radiation-resistant grease for 
commercial nuclear applications 
SHELL APL GREASE 


Nuclear applications bring new com- 
plexities to the field of industrial lubri- 
cation. Not only is the lubricant 
required to withstand unusual service 
with respect to temperature, speed, 
load and oxidation, but it is also ex- 
posed to the damaging effects of neu- 
tron and/or gamma or beta radiation. 


To meet this challenge, Shell Re- 
search has developed a practical 


radiation-resistant grease for use in 
nuclear reactors and their component 
parts ... Shell APL Grease. 

In Shell Laboratories, comprehen- 
sive tests have been conducted with 
the aid of a three-million-volt electron 
accelerator, one of the most powerful 
radiation sources in industry. 

Gamma ray tests have shown that 
APL Grease will withstand an accu- 


mulated dosage of 1 x 10° roentgens. 
Another valuable finding reveals that 
APL Grease has superior thermal 
stability ... it lubricates efficiently 
at 300 degrees Fahrenheit. 


APL Grease is further proof of Shell’s 
leadership in lubrication technology— 
and your assurance that Shell Re- 
search is ever vigilant to the pulse of 
industry progress. 


SHELL OIL COMPANY 


50 WEST SOth STREET, NEW YORK 20, NEW YORK 
100 BUSH STREET, SAN FRANCISCO 6, CALIFORNIA 
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“MORE Zr FACTS”... 


a publication devoted to progress in zirconium 
technology is distributed free of cost by Carborundum 
Metals. Ask to be placed on the mailing list 
... the next issue will concentrate on Zr Nuclear Properties 
and Applications. 
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| é 
casting 
cast...welded and 


machined for 
long-term action! 





Progress in zirconium fabrication techniques is evidenced in intricate cast-weld 
assemblies such as this impeller housing. Similar zirconium components are 
immediately available through Carborundum Metals for system designs where the 
versatile properties of this metal provide outstanding benefits: 


FOR THE NUCLEAR INDUSTRY — low neutron cross-section for fuel 
cluster ends and other reactor components. 


FOR THE CHEMICAL INDUSTRY — super corrosion resistance to attack 
by acids and caustics on basic components such as valves, pumps, heat exchangers, 
thermowells and reaction tanks. 


Carborundum Metals’ pioneer experience in zirconium production, its two 
completely modern and fully integrated producing facilities provide a ready 
and dependable source for every zirconium requirement... in commercial and 
nuclear grade sponge and ingot. Close working relations with highly qualified 
fabricators permit Carborundum Metals to provide definite quotes and assure 
on-specification delivery of welded or seamless zirconium tubing, zirconium 
sheet, strip, bar, rod and foil. 


Write today for latest price schedules and data sheets on all zirconium 
products. Address inquiries to Dept. 91-801. 


THE CARBORUNDUM METALS COMPANY, Akron, N.Y. 
Division of THE CARBORUNDUM COMPANY 


Production Pioneer of ZIRCONIUM 


CARBORUNDUM 





DESIGNED FOR FASTER, MORE ACCURATE 
“SWING’’ MEASUREMENTS 


A another CANADAIR 
nuclear ACHIEVEMENT 


[fA —* In Canada’s nuclear energy program the need 
“ arose for a method of determining the reactivity 
contributions of nuclear fuels and the 

absorbing effects of materials used in the 
construction of reactors. 

Under contract from Atomic Energy of Canada 
Limited, Canadair’s team of nuclear engineers 
designed, constructed and assembled the appropriate 
swimming pool type reactor, and a mechanical 
Swing Mechanism that would perform these 
reactivity measurements. This Swing Mechanism is 
an original design developed by Canadair. 











___ GRAPHITE 
__ REFLECTOR 
BLOCK 








The Swing Mechanism consists of an 
hydraulically-operated vertical assembly in 
which two samples of reactor materials, one of 
known, and the other of unknown reactivity, are 
alternately placed at the position of maximum neutron 
flux to provide an accurate measure of the reactivity 
EL of the unknown sample. High accuracy is achieved 
EMENT through very fast transit times and extremely close 
control of sample trajectory and cycling periodicity. 
Considerable flexibility is in turn possible through varying 
the length of stroke and ratios of successive half-cycle 
times and transit times. 

The Canadair Swing Mechanism, of aluminum and 
stainless steel construction throughout, is applicable to 
any small core reactor but is particularly suitable for 
a pool type inasmuch as the water in the pool serves 
triply as a reservoir for the hydraulic system and as a 
coolant and moderator for the reactor. The sample 
carrier within the Mechanism can be reloaded under 
water with simple remote handling tools permitting safe, 
quick loading of already irradiated samples. 

Canadair’s nuclear division manufactures 
reactors, reactor components and specialized physics 
instruments to the most exacting individual 
specifications, and its team of experienced nuclear 
engineers and scientists is always available for 
expert consultation and advice on nuclear problems 
related to any field . . . basic research, generation 
of heat and power, medicine, agriculture and 
general industry. Inquiries are particularly invited 
from universities and laboratories. 


Write to Nuclear Division, Canadair Limited. 
for booklet; **Canadair in the Field of Nucleonics’’. 


lear Division 
oo Nuc sio 


eo. CANADAIR, _ 


= 





Limited, Montreal, Canada 


¢ Aircraft « Guided Missiles 
e Research and Development « Nuclear Engineering 
CANADAIR IS A SUBSIDIARY OF GENERAL DYNAMICS CORPORATION 


Assembly and testing of the Pool Test Reactor at Chalk 
River, Canada CAS8-NU2SUST 
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call KE for plant expansion or new facilities 


INGENUITY 


has made KE the experienced leader in nuclear projects 


Cost-saving and time-saving ingenuity, plus a wealth of 
nuclear experience—these are two of many reasons why 
Kaiser Engineers has been selected for so many of 
America's challenging nuclear projects. To date, value of 
KE nuclear projects amounts to more than $165,000,000. 


KE provides complete nuclear engineering and con- 
struction services—including concept feasibility, reactor 


criteria, facility design, construction and test operations. 
Project: construction of large plutonium 


production plants. KE work involved reac- a 
tors, shielding, extensive instrumentation, KE nuclear specialists are ready to serve you today. 
stainiess steel piping, machinery insta!- 
lations and other complex construction. 


KE completed job ahead of schedule and == — nuclear research, production or power facilities. 
below the budget. A 


Call KE for design and construction, or any aspect, of 


} 
} 


/ >. 
\— ENG INEERS engineers—contractors 


Contracting since 1914 


Division of Henry J. Kaiser Company * Oakland 12, California * New York, Pittsburgh, Washington, D.C.. 
4383 Buenos Aires, Calcutta, Dusseldorf, Montreal, Rio de Janeiro, Sydney, Tokyo 
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NOW! power tools 

can be operated 

as an integral part 

of the Mechanical Arm 


With an electrical power take-off built into 
its forearm, the General Mills Mechanical 
Arm is now more versatile than ever. This 
impact wrench is an example. It can be 
attached and removed remotely—replaced 
with other power tools or with standard 
grasping and lifting accessories. It operates 
at several speeds—directly from the control 
console. And it has all the freedom of 
motion of the arm itself. 


If your installation requires the use of 
power tools—drills, grinders, saws or the 
like—this new development from 
General Mills merits your consideration. 


Consult us now about the versatile General 
Mills Mechanical Arm or about specially 
designed or adapted power tools to meet 
your specific requirements. 


WRITE, WIRE OR PHONE Nuclear Equipment 

Department, Mechanical Division of General Mills, 

1620 Central Ave., Minneapolis 13, Minnesota. 
POWER TOOLS EASILY ATTACHED TO MECHANICAL ARM: tools 
snap into place on the forearm. A simple electrical connection at 
the power take-off, which is permanently mounted on the forearm, 
completes the placement. 


General 


Pr MECHANICAL DIVISION 


y ——— Minneapolis, Minnesota 
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Boron Stainless Steel 





A Highest quality Boron Stainless 
and Zirconium strip are rolled on 
Superior’'s Continuous Hot Mill. 








CARNEGIE, 








Superior Steel 


PENNSYLVANIA 


Heel 


¢ Zirconium ° 





Complete facilities for degreasing 
metals are an important element in 
Superior’s processing leadership. W 








ané@ its alloys 








Vital to light-gauge Zirconium strip production 
are this modern Vacuum Annealing Furnace 
(top) and related pumping equipment. 





A pioneer in the development of Boron 
Stainless Steel with experience in the 
rolling and processing of zirconium and 
its alloys, Superior Steel has the technical 
background, production experience and 
the special equipment necessary to meet 
the exacting requirements for atomic 
energy applications. Write for our Re- 
search Bulletin 57-N. 






Progress in POWER GENERATION 
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Innovation and refinement in nuclear power reactors 
will be the most significant development in electric power 
generation during the next ten years. 

In that time, utilities engineers through much of this 
country will routinely weigh the advantages of nuclear versus 
conventional generating stations. And increasingly, the 
nuclear station will be specified. 


Direct cycle. Produces 
superheated steam ap 
proximately 1050°F 


generation 2000 psi. High cycle 


Power 
reacto 
protot 


ype to 
demonstrate 
feasibility 
of system 


efficiency, low fuel cost 


Combines best moderator 
with best coolant in single 
system yielding high 
efficiency steam cycle 
conditions. Potential 
utilization of natural 
uranium fuel in higher 


if 


powered version 
Two NDA reactors for progress in power generation. 


Through its work for Government and industry during the 
past ten years, NDA has developed a highly qualified reactor 
team. NDA reactors aim at the delivery of steam at temperatures 
and pressures suited to modern turbines. Emphasis is placed 
on advanced technology using high temperature-low pressure 
coolants, high neutron efficiency moderators and the use 
of natural or low enrichment uranium fuel. 

NDA’s team consists of almost 400 reactor scientists, 
engineers and supporting personnel with a single business— 
design and development of high performance nuclear reactors. 
Inquiries are invited from electric companies or study teams. 


a complete reactor company 





NDA NUCLEAR DEVELOPMENT CORPORATION OF AMERICA 


WHITE PLAINS, N.Y. TEL. WH. 8-5800 
NDA EUROPE 31, Rue du Marais, Brussels, Belgium 


June, 1958 - NUCLEONICS 





SORUR) BORE 


of Key Developments in Atomic Energy 


Euratom Agreement is U. S. Industry’s Hope for Sales 


With four to six large power reactor construction awards expected to 
be up for grabs in Euratom countries this year, American manufacturers 
have their eyes on Washington—watching to see if the government can 
meet the challenge of implementing and ratifying the recently-concluded 


U. S.-Euratom agreement before 
Congress adjourns this summer. 

The six Euratom countries early 
this month accepted the U. S. offer 
of financial help for purchase of up 
to 1-million-kw of water-cooled re- 
actors. Under the agreement the 
U. S. will grant a $135-million 
credit for 12-20 at 3%% interest for 
this purpose; the maximum of 
1-million-kw will be divided equally 

250-Mw each—among France, 
Germany, Italy and the Benelux 
countries. Further, the U. S. will 
contribute $10-million/yr for five 
years for research-development pro- 
vided Euratom puts up a like 
amount. Besides this “memoran- 
dum of understanding,” which em- 





bodies all the principles of the ar- 
rangement, there are now also being 
completed a “memorandum of 
agreement” under Sec. 123 of the 
1954 Act, which spells out the de- 
tails and which must lie 30 days 
before JCAE; and a brief treaty 
under Sec. 124 formalizing the 
deal, which must be passed by both 
Houses of Congress. U. S. indus- 
try is hoping the memorandum of 
agreement at least can fulfill the 
30-day validating period this sum- 
mer. 

Without such ratification, it is gen- 
erally conceded, the U. S. reactor 
business will continue to go begging 
in Europe—or reactor orders may 


Italy signs with U. K.; Euratom blows whistle on British 


Italy's government-owned nuclear enterprise AGIP Nucleare, 
which is buying the first Calder-type reactor Britain sold abroad 
(NU, Dec. ’57, 17), last month made more grandiose news. As 
negotiations leading to contract-signing with Britain's Nuclear 
Power Plant Co. of Knutsford, Cheshire, neared conclusion, AGIP 
Nucleare announced that it and NPPC had signed a separate, 
seven-year collaboration pact calling for a “vast” information- 
exchange program on power reactor research, construction, opera- 
tion and personnel training. Simultaneously AGIP Nucleare an- 
nounced its intention to build nine more nuclear power plants in 
the next nine years, to follow the one now scheduled to start up 
in 1962 at Latina, 40 mi south of Rome near the World War II 
Anzio beachhead. 

Meanwhile Nuczeonics learned in Brussels that the Euratom 
Commission is questioning the legality of the AGIP-NPPC contract 
for the first reactor, and is putting a stop to negotiation of similar 
agreements by Britain with Germany and Holland. The objection 
is based on clauses of the agreement providing a direct supply of 
fuel from the U. K. to AGIP and subject to British inspection and 
control, whereas the Euratom treaty provides that all fuel entering 
the Euratom area must come under the official Euratom umbrella. 
However it is believed the AGIP-NPPC contract will be permitted 
to operate since it is covered by the quite broad Anglo-Italian bi- 
lateral agreement signed last December, before the Euratom agree- 
ment became operative. Euratom officials say the six-nation pool 
will gladly conclude a master agreement with Britain covering 
similar bilateral reactor purchases in future and containing suit- 
able clauses conforming to requirements of the Euratom treaty. 
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well go to British manufacturing 
groups, almost by default. 

Only two days after Euratom en- 
dorsed the U. S. pact, the Com- 
munity established formal relations 
with Britain; serious talks on a U. K. 
reactor sales agreement will begin 
after review of the U. S. agreement 
by Congress. Britain is seen by 
U. S. and European observers as 
being already ahead of the U. S. in 
bargaining position by virtue of giv- 
ing guarantees on fuel element — 
formance, and reportedly also offer- 
ing special deals on fuel supply as 
well as financial assistance on capital 
costs. The British government, as 
has frequently been pointed out, not 
only is aggressive in supporting that 
nation’s nuclear industry in its ex- 
port sales drive, but also is in a par- 
ticularly good position to render aid 
on fuel. This is because, unlike the 
situation in the U. S., the only fabri- 
cator of fuel elements in Britain is 
the Atomic Energy Authority itself: 
no private firm has been permitted 
to enter the business of fashioning 
fissionable material into plates, slugs 
or rods as a commercial service. 

With this formidable competition 
facing them, American reactor build- 
ers were seeking to analyze what 
the U. S.-Euratom agreement (NU, 
April °58, 19; May, 20) means to 
them. The agreement has been 
widely misunderstood. Not a pact 
providing for sale of 1-million kw of 
U. S. water reactors to Euratom 
countries, it is simply an agreement 
laying down the terms under which 
U. S. manufacturers can offer, and 
Euratom utilities receive, a better 
deal on purchase of reactors up to a 
maximum of l-million kw. De- 
signed to make it easier for U. S. 
industry to compete, it is an arrange- 
ment under which a million kilo- 
watts of reactor capacity may be 
bought—or none: it is up to Eur- 
atom utilities to buy and up to U. S. 
industry to sell. 


Seeking Cost Control 

The agreement seeks to achieve 
this goal by limiting the risks that 
European utilities must assume in 
buying a reactor, by briaging under 
control the “profound uncertainties” 
in the fuel cycle. This it approaches 
by two routes. First, by striving to 
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establish a maximum that fuel fabri- 
cation can cost, possibly through 
three-way agreements on core sup- 
ply between the purchasing Euro- 
an utility, the supplying U. S. fuel 
abricator, and AEC—with AEC 
guaranteeing the difference if the 
established maximum cost is ex- 
ceeded. Thus the purchasing utility 
could be sure of its maximum obli- 
gation, would not be faced with an 
open-ended commitment. Second is 
a similar provision in terms of core 
exposure time in the reactor, again 
with AEC as the party of the third 
art standing ready to fill the gap 
tween actual and predicted core- 
life, either with money or with re- 
placement of the reactor’s fuel. 

It is understood that a compli- 
cated but mutually agreeable for- 
mula has been worked out, as part 
of the U. S.-Euratom agreement, 
that translates this vague-sounding 
principle into workable procedures. 

In effect such arrangements would 
permit U. S. industry to overcome 
the greatest handicap it has been 
hobbled by in the foreign market to 
date: its inability to match British 
guarantees on burnup and costs. 

[Early this month NucLEONICs 


learned that at least three major 
U. S. reactor builders had given 


fuel warranties in their bids on the 
SENN project.] 

Moreover, fuel supplied by the 
U. S. under the agreement would be 
sold to Euratom and financed over 
a period of 20 years, more or less 
the amortized life of the reactor. 
This eases the capital-cost problem 
for the dollar-short European utili- 
ties, while at the same time meeting 
the requirements of the Euratom 
treaty, under which the Community 
must own all fissionable material, as 
AEC does in the U. S. 

Involved here is $100-million 
worth—33 tons—of U™, exclusive of 
fabricating costs, for 1-million kw. 

Four are already on the docket for 
contract award this year: two in 
Italy, one each in Belgium and West 
Germany. Bids on Italy's SENN 
a ave already been received 

om five U. S., four British and one 
French firm or group of firms; they 
are now being analyzed (see p. 19). 
SIMEA in Italy (NU, March ’58, 
19); Germany’s big Rheinisch-West- 
filische Elektrizititswerke (NU, 
Nov. ’57, 19); and Belgium’s SEEN 
syndicate are also due in 1958. 

U. S. reactor builders, anxiously 
eyeing this long-sought business, 
look to ratification of the Euratom 
agreement this year to put them on 
an even footing with British com- 
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petitors in going after the business. 
They are frank to concede privately 
that under existing conditions it is 
impossible for them to compete. If 
the agreement is not validated be- 
fore Congress goes home, says one 
experienced reactor sales executive, 
“we're counted out as far as these 


four reactors are concerned. If we 
wait till next April, these orders will 
go to England. 

“The real problem,” he adds, “is 
lowering fuel costs. We just can’t 
compete with Britain unless we can 
do that. The difference in capital 
costs is negligible.” 


AEC Authorization Requests Pruned by Budget Bureau; 
JCAE Democrats May Impose Pu, D2O Reactors 

The question dominating the nuclear power controversy in Washington 
last month, following submission of AEC’s fiscal 1959 reactor construc- 
tion program, was this: To what extent will AEC’s Democratic antag- 
onists in Congress attempt to expand the program? 


‘AEC punctuated the collapse 
of four months of negotiations on 
a long-range reactor development 
program by submitting to the Joint 
Committee on Atomic Energy a 
fiscal-’59 construction program 
promptly denounced as inadequate 
by JCAE Democrats. The attack 
was led by Chairman Carl T. Dur- 
ham (D—N. C.) and Vice-chairman 
Clinton P. Anderson (D—N. M.). 

The Democrats, particularly in- 
censed over the ya carton of a plu- 
tonium production facility and a 100 
Mw(e) heavy water reactor, pre- 
pared to force these reactors and 
possibly others back into the 59 pro- 
gram. They also prepared to go 
ahead with appointment of a re- 
actor panel to lay the groundwork 
for consideration of a long-range 
program next year (NU, May ’58, 
7). 


In presenting its 59 authorization 
bill to JCAE, AEC asked for au- 
thority to commit $115,224,000 for 
federal and private reactor develop- 
ment in the year beginning July 1. 
The request covers $88-million for 
its own development program (in- 
cluding $51-million for the JCAE- 
sponsored gas reactor, which AEC 
wants industry to have first crack 
at), and $27-million to support the 
cooperative reactor demonstration 
program. 

Projects Killed 


Cut out of the bill before it 
cleared the Budget Bureau were 
seven projects estimated to cost 
$149.5-million. These included the 
heavy water reactor ($65-million), 
a materials and an engineering test 
reactor ($35-million), $30-million 
worth of small reactors for the mili- 
tary, a tanker propulsion reactor 
($7-million), $5-million earmarked 
for the Argonne boiling reactor 
(ARBOR), and $8.4-million for 
metals-ceramics research facilities. 

AEC’s  since-resigned General 





Manager Kenneth E. Fields, explain- 
ing to JCAE why the $35-million 
for new test reactors was not in the 
authorization bill, said AEC had de- 
cided to attempt encouragement of 
‘ws facilities by entering into 
ongterm contracts for space in new 
reactors. He said the Commission 
would ask JCAE to help clarify 
AEC’s authority to negotiate such 
contracts. 

In addition to the $115-million 
sought for reactor development, 
AEC requested $105-million for con- 
struction of weapons, research-train- 
ing and general facilities, $2.2-mil- 
lion for Project Sherwood (controlled 
fusion), and $9.4-million to com- 
plete two particle accelerators under 
construction at Princeton and Cam- 
bridge. Total new authority sought 
for existing and new projects was 
$231.7-million. 

Another $17.3-million, authorized 
by Congress in prior years, was 
dropped from the AEC construction 
program. AEC said it has decided 
not to go ahead with these four 
projects: a fabrication plant for spe- 
cial nuclear materials ($5-million) ; 
a metal treatment plant at Fernald, 
Ohio ($850,000); $8.5-million for 
ARBOR; and the $3-million food 
irradiation reactor planned for the 
Army. 

Projects Provided For 

Aside from the $51-million gas re- 
actor, these projects were listed 
under the $88-million reactor devel- 
opment request: 

®@ Heavy water component test re- 
actor, $8-million. AEC said it was 
not ready to go ahead with a 100 
Mw/(e) reactor in fiscal 59, would 
build an experimental unit instead, 
at Savannah River. 

® Modification of reactor experi- 
ments, $6.3-million. To be modi- 
fied in line with “logical growth” of 
technology are OMRE (Organic 
Moderated Reactor Experiment), 
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EBWR (Experimental Boiling Water 
Reactor), and Borax (Boiling Reac- 
tor Experiment). 

© Prototype package power plant, 
$3-million. A 10 Mw(th) reactor 
designed for quick erection at mili- 
tary bases—to be purchased on bid. 

® Fast reactor testing station, 
$1,367,000. A “minimum” facility, 
capable of expansion, to — a 
safety testing program on this con- 
cept at AEC’s Nevada test site. 

e Army reactor experimental area, 
$1-million. Concentration of sup- 
port facilities for the Army reactor 
program at the National Reactor 
Testing Station, Idaho. 

@ Integrated fuel reprocessing 
plant, $3.5-million. One of four 
projects planned for fuel cycle work, 
the facility will be built at Oak 
Ridge on a pilot plant scale. 

® Modification of existing proc- 
essing facilities, $15-million. To 
complement the Oak Ridge project, 
plants at Savannah River, Hanford 
and Idaho will be modified to pro- 
vide for large-scale reprocessing of 
nonproduction spent fuels. 

@ Additional hot cells, $5-million. 
An unspecified number of hot cells 
to be built at various AEC labora- 
tories for fuel cycle work. 

@ Fuels Technology Center, $5- 
million. To provide a new wing to 
the Center now under construction 
at Argonne (see p. 21). 

The bulk of the $27-million in 
new authority requested for the co- 
operative demonstration program has 
not been specifically earmarked by 
the Commission, Fields _ testified. 
Some $20-million, he said, was 
sought by AEC to aid second gen- 
eration projects that may be pro- 
posed by industry during the fiscal 
year. W. Kenneth Davis, AEC re- 
actor development chief, said no spe- 
cific proposals were involved in the 
request. 

The remaining $7-million for co- 
operative projects includes $4-mil- 
lion in readjustment of earlier esti- 
mates of AEC aid, as well as new 
money for projects such as PAR 
(the Fonasinanh Power & Light 
homogeneous reactor) and _ the 
steam-cooled reactor plant proposed 
by East Central Nuclear Group/ 
Florida West Coast Group. Another 
$3-million, AEC said, was required 
for “preconstruction research and de- 
velopment on fast breeder reactors,” 
presumably in support of the Fermi 
reactor at Lagoona Beach, Mich. 

JCAE was also asked to authorize 
AEC’s proposed contracts with PP&L 
and the East Central/Florida spon- 


sors. 
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Britain Drops Plans 
To Borrow Abroad 


The United Kingdom, its ambi- 
tious, 19-station nuclear power pro- 
gram showing the first signs of finan- 
cial fatigue, backed away last month 
from its plan to seek $1-billion in 
loan money from the World Bank 
and private U. S. sources. 

Political opposition in some Brit- 
ish government quarters, ——e 
the Atomic Energy Authority, fo 
cancellation of the plan—at least for 
the foreseeable future. AEA felt 
that reliance on foreign financial 
support for the nuclear power pro- 
gram would be a severe blow to 
British pride in the program, that 
the political disadvantages would 
outweigh the financial gains. 

Informal talks between British and 
World Bank officials had been held 
intermittently since even before the 
19-station power program was an- 
nounced early last year. Although 
the Bank had never received a for- 
mal application, it had indicated 
there were no major — ie 
10-year loan supported equally by 
the Bank and the U. § financial 
market. 

Direct evidence that Britain was 
running into capital shortages came 
in mid-April when a White Paper on 
the coal, gas and electricity industries 
disclosed that the target date for 
completion of the nuclear program 
had been postponed from 1965 until 
1966. The reason: A decision to 
fill a higher a of the coun- 
try’s need for electricity with coal- 


fired stations “at lower capital cost” 
than nuclear stations. 

Despite its capital difficulties, 
AEA made it clear last month that 
its optimism over the atom’s ability 
to compete with coal has not 
dimmed. Sir John Cockcroft, Har- 
well director, said last month that 
nuclear-power costs would fall be- 
low -power costs in 1962. 


9 SENN Bids Under Study; 
Decision Due This Summer 
onne National Laborato 

come are already studying enriched. 
uranium reactor propesals among 
the nine made to Italy's SENN (So- 
cieta Elettronucleare Nazionale) 
syndicate. The nine bids came 
from U. S., British and French firms, 
and were in the 130—150-Mw/(e) 
output aT Natural-uranium sys- 
tems will analyzed in England 
(NU, t. "57, 28); SENN is to 
make a decision later this summer. 
The bids: 

Pressurized water: Kaiser and 
Westinghouse; H. K. Ferguson and 
Ba & Wilcox. 

Boiling water: General Electric 
and Ebasco; Mitchell Engineering 
Ltd., American Machine & Foundry, 
and General Nuclear Engineering. 

Gas-cooled: General Electric Co. 
of England-Simon Carves; AEI-— 
John Thompson; English Electric— 
Babcock & Wilcox Ltd~-Taylor 
Woodrow; Société Générale Als- 
thom. 

Organic-moderated: Atomics In- 
ternational, Bechtel, and Monteca- 
tini. 


U. K. disappointment: no thermonuclear neutrons in Zeta 


Crestfallen but scrupulously candid, Britain’s controlled fusion 
chiefs told a London press conference that the great majority of 
neutrons observed in the Zeta machine at Harwell (NU, Feb. ’58, 
90) have been proved to be non-thermonuclear in origin. This 
was established by means of a new experimental measuring tech- 
nique of great sensitivity, in which neutrons were ducted through 
a collimator into a pressurized cloud-chamber. Energy of the 
neutrons was measured to an accuracy not previously thought pos- 
sible, Harwell head B. F. Schonland and fusion project chief Peter 
Thonemann said. Not only did the energy levels measured indi- 
cate that the neutrons were not of thermonuclear origin, but it was 
also established that the neutron velocities had a preferred direc- 
tion and were not random as would be expected. “This discovery 
does not make the Zeta results less significant in any way,” Schon- 
land said. “It is an extension of our work which may be of very 
great value to us. Zeta is being modified to improve its perform- 
ance and a much more powerful machine is being planned.” The 
Zeta torus is being rewound to improve the coupling of the system 
and this alone is expected to double the gas temperature from 


5- to 10-million degrees. 
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Merchant Ship Program 
Under Study by MA-AEC 


Eager to maintain what it feels 
is a lengthy lead over the rest of the 
world in nuclear naval and merchant 
ship propulsion, the Administration 
has set to work to bring into being 
the world’s first privately-owned nu- 
clear merchant fleet. 

The immediate aim: to present to 
Congress this summer or early next 
year a draft proposal permitting 
the Maritime Administration to 
sponsor a Nuclear Ship Cooperative 
Program—the maritime equivalent 
of AEC’s Reactor Demonstration 
Program. 

Several steamship companies— 
most operating long-haul tanker and 
dry bulk cargo vessels—have ex- 
pressed interest in or have submitted 
concrete ship construction proposals 
to MA. However, in general the 
operators have emphasized that the 
difference in construction costs be- 
tween nuclear and conventional ves- 
sels is too great for them to bear 
alone. They have suggested that 
the government defray some portion 
of the added cost. 

On this basis, MA and AEC are 
attempting to outline the scope of a 
cooperative program for early sub- 
mission to Congress. They are find- 
ing the job extremely complicated. 
There are no easy answers to ques- 
tions like these: Who should have 
jurisdiction over a nuclear merchant 
marine—MA or AEC? Which com- 
mittees of Congress should consider 
nuclear ship legislation—the Joint 
Committee on Atomic Energy or the 
House and Senate committees han- 
dling maritime matters (House Mer- 
chant Marine Committee and Senate 
Commerce Committee)? In short, 
which part of a nuclear ship is con- 
trolling—the reactor or the ship it- 
self? 

This last question is especially 
crucial because each of the major 
agencies involved has responsibilities 
under existing legislation: MA under 
the 1936 Merchant Marine Act, AEC 
under the 1954 Atomic Energy Act. 
Can privately-owned nuclear ships 
be built under the 1954 Act, and if 
so, where does that leave MA in its 
jurisdictional responsibilities under 
the 1936 Act? Should new legisla- 
tion take the form of an amendment 
to the 1936 Act, or should special 
legislation be enacted? 

Despite the lack of ready answers, 
the Administration is keenly anxious 
to create an atmosphere under which 
a privately-owned nuclear fleet can 
emerge and flourish. The hope is 
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that a cooperative or demonstration 
program can be presented to Con- 
gress this year. 

In short, the Administration recog- 
nizes that nuclear propulsion is 
being taken seriously by the private 
operators of tankers, ore carriers and 
other bulk carriers. In this area of 
ocean trade, American-flag vessels 
find the competition from foreign- 
flag ships particularly stiff; there is 
no federal subsidy to offset lower 
foreign costs. During the lag while 
other maritime nations catch up, at 
least, U. S. owners could utilize the 
higher productivity of nuclear ves- 
sels to pare the cost differential. 
And, further, there is strong compe- 
tition between bulk carriers flying 
the American flag. 

Aside from the competitive as- 
pects of a nuclear fleet, the Admin- 
istration is also aware of its budget 
limitations. It is building the first 
merchant ship and has a second and 
third under study. But it would like 
to see government construction give 
way eventually to private. 


Pending a private or cooperative 
government-industry program, MA 
and AEC are going Pm. with the 
engineering of a family of ship re- 
actors. A pressurized water plant 
has already been designed for the 
NS Savannah; a boiling water unit 
is being engineered for possible in- 
stallation in a T-5 tanker; and work 
is going forward on the gas-cooled 
and organic-moderated reactor con- 
cepts. Beyond these, there are the 
problems of installing the multiple 
reactors necessary for large passen- 
ger and combination (cargo-passen- 
ger) vessels, and the feasibility of 
nuclear-powered, submarine cargo 
ships. 

The immediate task, however, is 
to get on with the building of a nu- 
clear merchant navy and to enact 
legislation to make this possible. 
And running through the debate on 
such legislation, an Administration 
official emphasizes, will be this con- 
trolling factor: “The number of 
ships built will depend upon the ex- 


tent of federal assistance.” 





Undersea Flyer Takes to Sea 


Her horn blaring, Navy's sixth nuclear submarine Skipjack rides down shipways 
at Groton, Conn., at 4:29 p.m. May 26 and takes to water just as photo (left) was 


taken. Fourth A-sub built by Electric Boat division, General Dynamics Corp., the 
sleek new craft when completed in December will open a new era of underwater 
travel with her great speed and maneuverability (speculations about speed resulting 
from her tear-drop hull combined with power from her third-generation pres- 
surized water Westinghouse reactor range from 35 to 50 knots and more). Stubby, 
short and fat (only 252 ft long compared to Nautilus’ 320, yet almost as roomy: 
2,830 tons as against 3,200), Skipjack has three interior decks instead of con- 
ventional two. She lacks usual falsework superstructure atop pressure hull that 
gives most subs their exterior deck: photos show curvature of her streamlined hull 
with no flat deck, designed for optimum underwater performance. For same reason, 
hull is faired back aft to single huge, 15-ton five-bladed prop instead of the usual 
twin screws. Likewise bow diving planes have been moved up on “‘sail" (conning 
tower). Range, given as “more than 60,000 miles,"’ is probably much more. 
Lt. Cmdr. William W. Behrens Jr., Skipjack's master, organized and was director 
of Nuclear Power School at New London Submarine Base 
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‘Savannah’ Keel Laid 
A nuclear-propelled ship for 


commercial merchant service— 
world’s first—passed from the 
paper stage to the steel stage 
last month with the laying 
down of a 60-ton keel sec- 
tion on a building ways at 
New York Shipbuilding Corp., 
Camden, N. J. This start on 
the 11,850-ton N.S. Savannah, 
highlighting observance on 
May 22 of National Maritime 
Day, came over three years 
after construction of the ship 
was first proposed; it came at 
a time when the vision of a 
large and varied nuclear mer- 
chant fleet began to loom as a 
real possibility for the near fu- 
ture (see p. 20). The $40.25- 
million joint project of AEC 
and the Maritime Administra- 
tion (NU, Nov. '57, 78) will 
be powered by an advanced 
Babcock & Wilcox ized- 
water reactor, giving her a 
sustained speed of 20% knots 
and a cruising radius of 350,- 
000 mi. She is scheduled to 
be launched one year to the 
day from the keel-laying, and 
to go to sea in 1960. 


Westinghouse Gets 5 More 
Subs; Tullibee Laid Down 


Westinghouse got Navy orders 
for reactors to power the ee 
firm’s 21st through 25th atomic su 
marines. The $17.9-million contract 
covers all five of the submarines 
originally asked of Congress in the 
Navy's 1959 shipbuilding pro 
(the Navy is now understood to be 
asking seven instead of five). One 
of the five will be a missile-launch- 
ing type (whether Regulus guided- 
missile or Polaris ballistic-missile has 
not yet been stated); the other four 
will be attack submarines of the 
Skipjack type. For the Navy, these 
five will increase the nuclear sub- 
marine fleet to 27. All will be 
Westinghouse-powered but Triton, 
General Electric, and Tullibee, Com- 
bustion Engineering; Seawolf, when 
she has burned out the core of her 
GE sodium reactors, is to get a 
Westinghouse water reactor. 

Other nuclear navy news: 

® Endurance records of 30 days 
and 31 days 5% hrs were set by 
Seawolf and Skate on a cruise of 
more than 8,000 mi. 

® Tullibee, the first hunter-killer 
submarine, had her keel laid at 
Electric Boat May 26. 
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U-Institute Hits AEC On Procurement Policies 


Unimpressed by two recent AEC 
moves designed to mollify the ura- 
nium industry, the Uranium Insti- 
tute of America last month accused 
the Commission of violating the Fed- 
eral Administrative Procedures Act 
by failing to publish regulations cov- 
“ss the procurement of uranium. 

Clearly in a b ‘ligerent mood, 
UIA executive vice president Gor- 
don Weller complained to the Joint 
Committee on Atomic Energy that 
“many of the problems which the 
industry has experienced” could 
have been avetiel ie the establish- 
ment and publication of production 

oals by AEC. “Even at this late 

te,” he added, “published proce- 
dures would be of great value to the 
ind “4 

Weller had this reserved comment 
about AEC’s partial rescinding of 
the October 1957 moratorium on 
construction of new ore mills a 
May °58, 24): “[It] recognizes 
ois of hardship to a commendable 
degree, though not totally.” Of last 
month’s announcement of AEC per- 


mitting private sales to foreign and 
domestic buyers of U and U-concen- 
trates, Weller said: 

“These sales will mean a maxi- 
mum of $16,000 per country in 
annual sales if the government price 
for the post-1962 period [$8/Ib. U 
concentrate] is used as a guide. I 
doubt that the business will amount 
to more than $250,000 a year for 
the entire industry. This represents 
Yo of 1% of the present volume of 
business the industry is doing.” 

AEC spokesmen agreed with 
Weller that the announcement—au- 
thorizing U sales only to those coun- 
tries with U. S. power reactor bi- 
lateral agreements—was not a new 
policy with respect to power reac- 
tors: that it was merely a public 
enunciation of a policy in effect for 
a year. 

AEC also denied that it was vio- 
lating the Administrative Procedures 
Act in refusing to publish regula- 
tions spelling out its U procurement 

icies. “Maybe we are but we 
don’t think so,” AEC commented. 


Argonne Builds 2 Plants For Fuel-Making, Study 


Two new plants for study and 


handling of Basra and other 


nuclear me now being built 
at Argonne National Laboratory— 
a $10-million Fuels eee 
Center and a $4-million Fue 
Fabrication Facility—will go a long 
way to hasten development of im- 
proved fuel cycles. 

The Fuels Fabrication Facility 
has been underway for some time. 
The complex structure is completed, 
and installation of the specialized 
remote-handling equipment is pro- 
ceeding. When ready for use in 
March 1959, the plant will be a 
complete fabrication shop for mak- 
ing any kind of object from plu- 
tonium or Pu alloys in contro 
atmosphere. Rolling mills and other 
hazardous equipment will be auto- 
mated, and all machine tools will 
be contained in some of the largest 
hoods and glove-boxes ever built. 

First job for the facility will be 
to make the second core loading for 
EBR-2, the second experimental 
breeder in Idaho. The material to 
be used will be an alloy of natural 
uranium, 20% plutonium, and 8- 
10% “fissium,”—an artificial alloy 
made up of the elements found 
among fission products that are not 
removed by reprocessing: molyb- 
denum, zirconium, ruthenium, tech- 
netium and palladium. Inserting 


these materials, cold, not only pro- 
vides a fuel material reasonably 
close to what will be recycled in 
EBR-2: it also happens they contrib- 
ute metallurgically useful = 
Besides fuel elements, ie acility 
will be able to make test pieces, 
zero-power plates, foils—“anything 
reactor engineers, chemists or chem- 
ical engineers want in the way of 
test objects.” But it needs backup 
on structure, properties, behavior of 
materials. is will come from: 
Fuels Technol Center, a re- 
search facility designed primarily for 
physical metallurgy research—not 
only on grt eon but also other 
metals of nuclear interest. The 
220,000 sq ft building will be started 
this summer for completion in 
1960. Versatility will be the key- 
note of the center's capability. “We 
have to do a tremendous number of 
things to find out what we should 
be doing,” explains Frank G. Foote, 
head of Argonne’s metallurgy divi- 
sion. “So we need versatility—the 
ability to carry out almost any sort 
of research that may be indicated by 
research and rte d ment studies.” 
In addition to stan lab equi 
ment, hooded or glove-boxed, ‘che 
Center will provide fine measure- 
ment apparatus, small vacuum and 
resistance furnace, and moderately 
large foundry and fabrication areas. 
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Joint Chiefs Ask More Pu, 
Anderson Sees ‘Bail-Out’ 


The Democratic majority of the 
Joint Committee on Atomic Energy 
found a powerful ally last month in 
its fight for a substantial increase in 
the production of plutonium—the 
Joint Chiefs of Staff. 

With at least tacit support of JCS 
the Democrats, led by Sen. Clinton 
P. Anderson (D-N. M.), looked to 
AEC’s fiscal 1959 authorization bill 
as the vehicle to force at least one 
Pu reactor into the AEC construc- 
tion program. The Joint Chiefs, 
Anderson revealed, told the Secre- 
tary of Defense in 1956, 1957 and 
again this year that they need a “sub- 
stantial increase” in Pu production. 

However, the Democrats face 
formidable opposition unless the 
Administration has a change of 
heart. The Department of De- 
fense, of which JCS is only a part, 
made it clear to a JCAE subcom- 
mitee headed by Sen. Henry Jackson 
(D.—Wash.) that the military will 
get as much Pu as it needs over the 
next three years and that three years 
is as far ahead as the Pentagon will 
plan; the Budget Bureau turned 
down AEC’s request for a Pu re- 
actor in the ’59 program because of 
the Pentagon’s position. 

Standing on tenuous middle- 
ground was AEC, which earlier this 
year indicated to JCAE that a re- 
actor would be in the ’59 program, 
then made this explanation when its 
59 authorization request for plant 
and equipment failed to include the 
reactor: “We were advised on April 
16 that as of that time there was no 
military requirement for addition to 
the existing production facilities.” 

In a speech to the Washington 
press corps, Senator Anderson said 
the AEC-JCS contradiction was one 
of two involving Pu. He asked why 
AEC was proposing a longterm Pu 
buyback program in the U. S. and 
abroad “if there was no military re- 
quirement” for more of the weapons 
material. 

“Various reasons have been ad- 
vanced for and against the buyback 
——, he said. “I speak only 
or myself, but I look upon it as a 
desperate effort to bail out the lag- 
ging foreign and domestic private 
atomic power programs.” 

The buyback plan was included in 
the request to Congress in January 
to permit the Administration to fur- 
nish more weapons information to 
the North Atlantic Treaty Organiza- 
tion. Authorization for the overall 
request is still under consideration 


Vessels Unlimited—Fast Breeding, Seagoing 


92-ton reactor vessel (left) for Fermi fast 
breeder reactor shown just prior to leav- 
ing its birthplace, Combustion Engineer- 
ing shops at Chatianooga, for 1,600-mi 
trip by barge and rail to Lagoona Beach, 
Mich., plant site. Trip down Tennessee 
and up Ohio rivers and over five rail 
lines cost $45,278. Core will be lo- 
cated in bottom section (partially hidden 
by stand); molten sodium will enter at 
bottom and flow up through the largest 
cylinder, the fuel-handling section; small 
cylinder at left is transfer rotor con- 
tainer; rotating plug assembly will be 
in neck of vessel at top 

Parts of at least thirteen reactor vessels 
show in overall view (below) of Com- 
bustion's 520-ft long Chattanooga shops. 
Fermi vessel is seen at (A); others are 
pressurized-water reactor vessels for 
Navy. One (B) is seen spinning on a 
boring mill. Small vessel (C) may be 
S1C small-submarine prototype vessel; 
large one, nearly completed (D), may be 
for cruiser 





by Congress but the buyback pro- 
posal was temporarily withdrawn by 
AEC in March. 

Before AEC withdrew the pro- 
posal, Anderson declared, it had tes- 
tified it planned to buy 11,000 kg 
of Pu from the NATO nations over 
the next ten years “at a weapons 
price of $30/gm,” or a total outlay 
of $330-million. It was also brought 
out, he said, that the material could 
probably be purchased near the fuel- 
grade price of $12/gm but the pre- 
mium was felt necessary to stimulate 
reactor construction abroad. 

“This country, therefore,” he 
charged, “would be paying an extra 
$200-million for Pu... .” 

Anderson left little doubt what 
the Democratic strategy will be 
when the Pu reactor question is de- 


bated in Congress this summer. 
They will use the buyback plan, sup- 
ported by the demands of the Joint 
Chiefs, to argue 1. that there is a 
clear need for the weapons material 
in the U. S., and 2. that the Admin- 
istration is willing to pay several 
hundred million dollars for it—the 
equivalent of one or more reactors. 

Meanwhile, NucLEONICS learned 
that Senator Jackson, whose JCAE 
subcommittee on weapons has been 
holding closed-door hearings on Pu 
supply, has asked a four-man panel 
to sit in on the hearings and file a 
report early in June. The panel in- 
cludes Gordon Dean, former AEC 
commissioner; John Lampe, North 
Carolina Univ.; J. Kenneth Mans- 
field, Combustion Engineering; and 
John Wheeler, Princeton. 
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Progress on First Four British Nuclear Plants ‘Spectacular’; 
All Reported on Schedule Despite Big Problems 


LONDON 


Spectacular progress is being maintained on all four nuclear power 
station sites in Britain’s atomic power program in spite of the many un- 
usual welding and fabrication problems experienced. All projects are 
reported to be maintaining the extremely tight schedules set, and are 


even ahead of schedule on some 
of the civil engineering work. 

Outstanding advances have been 
made in site welding and fabrica- 
tion techniques associated with 
thick-skinned pressure vessels, the 
reactors being generally made in 
3-in. thick boiler plate. Unusual 
lifting tackle, developed to handle 
prefabricated elements weighing up 
to 200 tons each and requiring large 
lifts, includes goliath cranes which 
are considered the most outstanding 
piece of construction equipment 
ever built in Britain. These are 
able to straddle a completed reactor 
and have lifting capacities of 200 or 
350 tons. 

All the consortia maintain that 
cooperation between contractors and 
the enthusiasm shown by everyone 
involved, quite surpasses anything 
previously experienced. What few 
labor difficulties have arisen, they 
say, have been quickly smoothed 
out. To date, no material bottle- 
necks have appeared and as far as 
this first round of stations is con- 
cerned, none are expected. 


BRADWELL 


Nuclear Power Plant Co. 
300 Mw(e). Completion late 1960. 
At Bradwell where first sod moved 
January 1957, the biological shield 
walls of the first reactor are com- 
plete to the top of their cylindrical 
portion. Construction of the outer 
parts of the shield-walls, fuel and 
control face building has to wait 
until all the pressure vessel sections 
have been installed in the reactor. 
Boiler plinths have already been 
cast. The first of the 12 boiler shells 
was launched this month and towed 
277 miles around the coast from the 
makers’ works at Thornaby-on-Tees 
to the site. The decision to use 
this novel method of transportation 
was taken because each vessel would 
otherwise have had to been moved 
piecemeal to the site. A special 
landing dock has been constructed 
to enable the shell to be floated onto 
a low loading trolley at low tide 
which will be used to transport it 
the short distance to the site. It 
will be lifted onto its plinth by the 
200-ton goliath crane which has 
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now been completed and tested. 

The shell was electrically stress- 
relieved as a complete unit, and 
after pressure testing was internally 
cleaned to a high standard using a 
new vacuum shotblasting technique. 
Each vessel is 19 ft dia, 92 ft long 
and weighs 200 tons. 

The pressure vessel is being con- 
structed in rings, each of 200 tons, 
so that the maximum amount of 
welding can be done remotely. 
Each ring is lifted into place by the 
goliath crane and joined by manual 
welding. The first two rings and 
the graphite support grid have al- 
ready been completed. 

Structures for the gas circulators 
are being constructed and erection 
of the first gas circulator unit has 
started. Turbine house foundations 
are complete, over half the struc- 
tural steel work erected and clad- 
ding and brick work have started. 
The first turbogenerator is due for 
installation this year. 

A recently-completed graphite 
machine shop with the latest ma- 
chining and handling facilities is 
now producing the bottom reflector 
bricks for the first core. 


BERKELEY 


A.E.I-John Thompson Co. 
275 Mw(e). Completion late 1960. 

Of the skyline transformations oc- 
curring at all four isolated nuclear 
sites, the most dramatic is at 
Berkeley. One reactor, with the 
core diagrid [core bottom o, sate 
installed, has reached the top dome; 
the concrete biological shield is 
within a few feet of the roof slab; 
two of the boilers have been 
erected, and cladding and glazing 
of the turbine house is well ad- 
vanced. 

The boilers, being fabricated in 
site workshops, will be placed from 
now on at monthly intervals. Civil 
engineering work on the cooling 
ponds, cooling water pumphouse 
and the intake works on the Severn 
estuary are ahead of schedule, and 
turbine mounting blocks are also 
well ahead of the scheduled installa- 
tion date this year. Conventional 
lifting tackle has been utilized. 


HUNTERSTON 


G.E.C.-Simon Carves 
320 Mw(e). Completion ~ 1961. 

At Hunterston, permission to oe 

i anent work was not gran 
oti October last year due to pro- 
tracted opposition to the site. 
~— — has since been made 
an construction program is 
back again on its original schedule. 
Foundations for the first spherical 
reactor (NU, May °58, 108) have 
been completed and work on shield- 
ing start Excavation on the tur- 
bine site is complete; foundation 
work there and excavation for the 
second reactor are proceeding. 

The site is situated on rock. 
Blasting and excavation to level and 
remove faults was followed by mass 
concreting for each reactor founda- 
tion. Some 3,000 cu yd were 
poured, followed by the laying of a 
8,000 cu yd concrete raft. 

A complete workshop and pre- 
fabrication apron now nearing com- 
pletion will enable civil engineering 
work to continue unhindered by 
work on the main steel structures. 
The building, which is served by 
two 40-ton traveling cranes, will be 
able to assemble simultaneous! 
four steam raising units, each 80 
long and 20 ft dia. Prefabrication 
of the six tiers of each 70-ft dia 
spherical reactor vessel will proceed 
on the apron in front of the build- 
ing. A goliath crane, which will be 
used to raise the heat-exchangers and 
pressure-vessel sections, can straddle 
these construction areas and the re- 
actors. The crane has a height and 
span each of 200 ft, can straddle a 
completed reactor building and lift 
up to 350 tons. 


HINKLEY POINT 


English Electric-Babcock & Wilcox— 
Taylor Woodrow 
500 Mw(e). Completion 1962. 

Good progress is also being made 
at Hinkley Point, Somerset, which 
is the latest and largest station in 
the nuclear power program. 

Major earth stripping and moving 
operations on the reactor sites have 
already been completed. By mid- 
April work on the concrete founda- 
tions of the first reactor was com- 

lete. Construction of the 90 ft 
high, 75 ft dia biological shields 
started in April. 

Work has also started on a 3,000- 
ft mass-concrete sea wall which in- 
corporates the circulating cooling 
water pump house. Extensive site 
workshops have been built. 
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AEC Shucks Off 
Foreign Liability Issue 


AEC, still working out regula- 
tions implementing the Price-Ander- 
son indemnity law, has decided to 
steer clear of the foreign third-party 
liability question. It is also study- 
ing possible indemnification of con- 
tractors involved in weapons manu- 
facture. 

AEC believes it would be unwise 
to try to extend indemnity protection 
to U. S. firms operating overseas; in- 
stead, it is encouraging foreign gov- 
ernments to work up their own pro- 
tection programs. 


Industry Views to be Sought 


Harold L. Price, AEC licensing 
chief, told the Joint Committee on 
Atomic Energy that industry com- 
ments on proposed indemnity regu- 
lations will be solicited soon, prob- 
ably this month; public hearings will 
follow. 

AEC has dropped its earlier plan 
to require $3-million minimum finan- 
cial protection for any reactor in- 
demnified by the government. In- 
stead, small reactors will fall into 
several categories—a specific mini- 
mum for each. 

Also, the rules as they are even- 
tually proposed in tentative form 
will not include a fuel-cycle factor 
in computing protection for larger 
reactors. A fuel cycle factor had 
been under consideration by AEC 
(NU, May ’58, 20). 


Other Price Comments 


Other highlights of Price’s testi- 
mony: 

@ AEC has decided it can indem- 
nify federal reactor operators other 
than itself under the indemnity law. 

© State agencies which claim they 
cannot purchase insurance because 
of immunity against damage suits 
will be permitted to continue operat- 
ing their reactors, pending enact- 
ment of federal and state legislation 
bringing them into compliance with 
the law. 


@ AEC contractors who have 
broader rights under previous con- 
tractual indemnities than permitted 
under Price-Anderson will get the 
benefits of both. Some contractors 
are covered for losses resulting from 
non-nuclear accidents, as well as 
accidents occurring outside the U. S. 

@ AEC is considering a require- 
ment that applicants for reactor li- 
censes prove they have picked the 
best available reactor site and/or 
submit alternate sites. 
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Atom Lobby Proposed; Industry Reaction Uncertain 


The private atomic energy indus- 
try, spawned four years ago this 
summer in Washington, may cele- 
brate its fourth birthday by forming 
a lobby in the shadow of Capitol 
Hill. 

Virtually on the eve of the 1954 
Atomic Energy Act’s fourth anniver- 
sary, an invitation to join the Nu- 
clear Industries Association of Amer- 
ica, Inc., went out last month to 
some 850 members of the nuclear 
industry. It was signed by NIAA’s 
executive secretary, Nelson (Pete) 
Jackson, attorney, former Air Force 
colonel, and Washington representa- 
tive of General Electric’s atomic op- 
erations until a few months ago. 

“At the suggestion of several in- 
terested fine, coal who believe 
the time has come for the establish- 
ment of a nuclear trade association, 
and having discussed its need and 
merits with other people in industry, 
on the Hill, and in the Atomic En- 
ergy Commission, I have incorpo- 
rated a non-profit organization in the 
District of Columbia. . . .” Jackson 
wrote. “When there has been suffi- 
cient response to this letter, an or- 
ganizational meeting will be held in 
Washington of those manufacturers 
expressing interest.” 


Forum Rivalry Disclaimed 


Jackson took pains in his formal 
invitation to disclaim any intent to 
compete with the Atomic Industrial 
Forum “in the useful and necessar 
functions [it] performs so enon 
lently.”. The Forum, headquartered 
in New York City, has no Washing- 
ton office. 

Ap arently anticipating a Forum 
cold-shoulder, Jackson worded a 
slight needle into his letter, then 
quickly extended an olive branch: 

“The plan,” he said, “is for NIAA 
to operate strictly as a trade associa- 
tion in the administrative and legis- 
lative problems of the industry 
which the Forum, with its heteroge- 
neous membership in the U. S. and 
abroad, was not set up to do and 
should not attempt. As most mem- 
bers of the NIAA will also be mem- 
bers of the Forum, annual meetings 
might well be held in conjunction 
with the Forum’s annual meetings as 
have been those of the American 
Nuclear Society.” 

Jackson also emphasized that 
NIAA would be primarily a manu- 
facturers’ trade association. There 
would be affiliate memberships avail- 
able, however, to “users om others 
who may be interested in keeping 


up-to-date,” the letter stipulated. 

Jackson outlined the possible 
scope of NIAA in a 7-point list: 
1. Government-Industry Liaison. 
To foster a government-industry rela- 
tionship directed toward the devel- 
opment, at the lowest possible cost 
and with the least effort and delay, 
of the most advanced commercial 
and military products required by 
the nation. 

2. Coordination of Industry Activi- 
ties. To coordinate engineering, 
manufacturing, inspection and ad- 
ministrative activities of the nuclear 
industry in areas where cooperative 
endeavor or uniformity of procedures 
and processes contributes to produc- 
tivity and efficiency of individual 
members. 

3. Interchange of Information. To 
promote, through exchange of ideas 
and information, the solution to the 
industry's problems; and to keep the 
industry advised of government 
trends and regulations affecting de- 
sign, performance, manufacture, pro- 
curement and licensing of seedlane 
products. 

4. Representation of Industry Poli- 
cies. To help establish policies and 
standards leading to the most effi- 
cient and economical industry prac- 
tices, and to promote the recognition 
and application of such policies with 
cognizant government agencies and 
other organizations. 

5. Assistance to Government. To 
serve and assist civil and military 
agencies of the government in the 
development of policies, standards 
and regulations for nuclear products. 
6. Cooperation with Users. To 
work out solutions to common prob- 
lems with users and others. 

7. Information to the Public. To 
inform the branches of government, 
other industry, the press and the 
public regarding the accomplish- 
ments and problems of the nuclear 
industry. .. . 

Should NIAA take hold, its co- 
existence with the Forum in New 
York and those utility trade associa- 
tions lobbying on the power aspects 
of nuclear energy in Washington 
would lel a similar set-up in the 
oil industry. Oil has a powerful 
multi-committee trade association 
concerned primarily with technolog- 
ical advancement of the industry as 
a whole—the American Petroleum 
Institute. API, like the Forum, is 
headquartered in New York; major 
segments of the industry with spe- 
cial marketing or other interests have 
their own lobbying groups. 
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Reactor News 


WOLVERINE LONG ILL, SUCCUMBS 


The Wolverine Electric Cooperative project for a 10- 
Mw/(e) homogeneous reactor in central Michigan died 
May 16. AEC announced that day its conclusion “on 
the basis of recent studies that there is little or no early 
economic promise for [such] a small aqueous homoge- 
neous power reactor . . . and that it would therefore be 
in the best interests of the government and of Wolverine 
to discontinue any further action with respect to the 
proposed project.” A detailed cost analysis done for 
AEC showed that “cost of generating electricity from 
the proposed plant would be several times as great as 
Wolverine’s present cost. Furthermore, it is apparent 
that the prospects are unlikely of reducing capital costs 
to any significant degree.” The Wolverine project was 
based on Foster Wheeler’s offer to build the reactor for 
$5.5-million, and began to founder last September (NU, 
Oct. °57, 19) when FW said it couldn't build it for less 
than $14.4-million. AEC said its action on Wolverine 
“would not affect its efforts and plans” on HRE-2 and 
PAR (the only other aqueous homogeneous reactors 
being operated or developed), explaining that on those 
two “the work is directed toward larger systems on which 
auxiliary equipment costs will not represent such a large 
percentage of total costs.” 


PIQUA, ELK RIVER CONTRACT TERMS SET .. . 


“Agreement on the basis for contractual arrangements” 
covering small power reactors for Elk River, Minn., and 
Piqua, Ohio, were announced by AEC. ACF Industries 
is to build the 22-Mw(e) boiling water reactor for Elk 
River (15 Mw from the core of thorium and uranium 
oxides, 7 Mw from an oil-fired superheater); AEC would 
contribute $11.45-million to the project, including oper- 
ating costs as well as ACF’s $9,269,000 ceiling cost for 
development, construction, training and _test-operation. 
The reactor would be completed by October 1960. 
Atomics International will build the 12.5-Mw(e) organic- 
moderated reactor for Piqua; AEC would pay $12.3- 
million research-development, construction, training and 
operating costs. This reactor would be completed by 
July 1961. Both would remain government property, as 
required by the new ground rules for aid to publicly- 
owned utilities set by Congress last year (NU, Sept. ’57, 
21) under which AEC deals separately with the utility 
concerning site, turbogenerator and operation of the en- 
tire plant, and with an equipment manufacturer regard- 
ing reactor construction. 


. . . AND CAROLINAS-VIRGINIA ALSO 


Hard on the heels of Elk River and Piqua, Carolinas- 
Virginia Nuclear Power Associates became the third 
small nuclear power plant to reach agreement with AEC 
on contract terms. All three were approved by JCAE, 
which waived the waiting period. The 17-Mw(e) West- 
inghouse heavy-water pressure-tube reactor 25 mi north 
of Columbia, S. C., at Parr Shoals (NU, Oct. 57, 25), 
would cost $34,655,000, of which CVNPA would pay 
$22-million capital costs and AEC $14.65-million in re- 
search-development and fuel use waiver. Last fall the 
capital cost was estimated at $17-million. The terms 
were negotiated in what may be the record time of one 
month since AEC accepted the proposal as basis for ne- 
gotiation (NU, May ’58, 26). 
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EBWR TURBINE RADIOACTIVITY VERY LOW 


In spite of EBWR having been run for a week at 20- 
Mw/(th) with a “deliberately impaired” fuel sample, the 
activity level inside the turbine right after shutdown was 
only 2 mr-hr (current limit is 3,000 mr 

three months). Unrelatedly, a turbine blade was found 
to have broken but did miraculously little damage; re- 
pairs are being done routinely, since activity permits. 


BECHTEL GETS NEBRASKA CONSUMERS JOB 


AEC has selected Bechtel as architect-engineer for the 
75-Mw(e) sodium graphite reactor (SGR) being built 
by AEC and Consumers Public Power District. Earlier 
this year, Bechtel got the architect-engineer contract for 
PG&E’s Humboldt Bay reactor. Atomics International, 
operator of AEC’s Sodium Reactor Experiment (SRE), 
will build SGR, a tenfold scale-up of SRE. Expected to 
be completed by late 1962, SGR will cost $29-million— 
all but 5.2-million to be paid by AEC. 


AEC JOGGING SODIUM COMPONENT EFFORT 


A series of development contracts looking toward im- 
provement of nonnuclear components for sodium reactor 


systems is under consideration by AEC. An invitation 
to industry to submit contract proposals went out May 
8; deadline was May 26. AEC and private firms work- 
ing on sodium systems have found that pumps, heat ex- 
changers and other conventional equipment must be 
custom-made to cope with sodium’s corrosion problems. 
AEC hopes to attract conventional component firms. 


CURTISS-WRIGHT REACTOR GOES CRITICAL 
Curtiss-Wright’s 1-Mw swimming-pool research reactor, 
licensed by AEC April 28, went critical the next’ day. 
Designed and built by C-W, the Quehanna, Pa., facility 
cost $2.6-million, including five hot cells; it is capable of 
going to 5 Mw with a heat exchanger. 


PG&E SAYS 8-MILL FIGURE CONSERVATIVE 


Spokesmen for Pacific Gas & Electrie told NucLEONICS 
the firm’s engineers “have done everything they possibly 
can to be conservative” in estimating the cost of electric- 
ity from the 60-Mw(e) boiling-water reactor to be built 
at Humboldt Bay, Cal. (NU, Mar. ’58, 17). The $20- 
million unit is expected to produce 8.7-mill power with 
its first core, according to PG&E, and 8.1-mill with its 
second core, assuming a $30/gm plutonium credit. 
Based on core life of 15,000 Mwd/ton (470-million kwh 
annually at 90% load factor), the figures break down 
this way: first core, 2.8 mills for fuel, 4.9 mills for fixed 
charges including amortization, and 1 mill for nuclear 
insurance, tion and maintenance; second core, 2.2 
mills for fuel, no change in others. Each core will use 
$5-million worth of 2% enriched U; fabrication cost is an 
estimated $2.8-million for the first; $1.86-million for the 
second. GE is guaranteeing 10,000-Mwd minimum 
burnup. 


NEW CLADDING DEVELOPED AT ARGONNE 


Argonne National Laboratory has developed an alumi- 
num alloy which it expects to help reduce the cost of 
fuel elements. Developed for the Army’s Argonne Low 
Power Reactor (ALPR) now under construction, the 
cladding alloy was perfected by adding small amounts of 
nickel to aluminum 1100, a commercial alloy containin 

iron. Dubbed Alloy X-8001, the material is rated mu 

more resistant to hot water than other Al alloys. It is 
also held cheaper and easier to handle than zirconium. 





World News 


Austria Buys First Reactor from AMF 


A 5-Mw pool research reactor has been ordered from 
AMF for the nuclear research center of the Austrian 
Study Group for Atomic Energy near Vienna. It is to 
be completed in December 1959. The Group (NU, 
Feb. 56, 15), a joint government-industry organization, 
will also install a 5.5-Mev Van de Graaff, hot cells and 
varied labs. For AMF it is the 15th reactor sale. 





Test Reactor at Dounreay Critical 


DMTR—Dounreay Materials Testing Reactor (NU, Oct. 
57, 26), a Pluto-type 10-Mw(th) heavy-water unit, 
went critical late last month, first of three at that site to 
do so. The big sphere-enclosed fast breeder and a sub- 
marine prototype are still under construction. 


NRU Knocked Out by Freak Accident 


The $57-million NRU, highest-flux research reactor in 
the West (NU, Dec. 57, 25; April 58, 27) was put out 
of action for 3-4 weeks on May 26. It was shut down 
for removal of a defective uranium rod, which caught 
fire after removal; the fire was quickly extinguished but 
meanwhile radioactive dust had spread through the in- 
terior of the building. No one was injured. 








Japanese, British Disagree on Earthquake Problem 


A special committee named by the Japanese AEC has re- 
ported that it has been unable to reach agreement with 
a British team on the vital question of building an earth- 
quake version of the Calder Hall reactor. After exten- 





sive study on both sides, the committee said, the crux 
of the problem remains “how to secure both complete 
safety and satisfactory performance of reactors in spite 
of frequent earthquakes in Japan”. . . . The earthquake 
impasse may be a major reason why Japan has failed to 
initial a power bilateral with the U. K. — the an- 
nounced intention to order a power reactor this summer. 
A bilateral between Japan and the U. S. has been ini- 
tialed by both governments and awaits ratification at a 
summer session of the Japanese Diet. 


U. S. Atom Mission Attends Sydney Symposium 


Taking part in Australia’s nuclear symposium June 2-6 
in Sydney was an 8-man U. S. mission headed by 
Clark C. Vogel, AEC. The mission was expected to dis- 
cuss possible extension of the U. S.-Australian bilateral. 
. . . Atomics International was the only U. S. nuclear 
firm exhibiting at the symposium. 





U. S., British Firms Bid for Spanish Reactor 


Several U. S. and British reactor firms have filed bids to 
supply Spain with its first power reactor—a 20-kw(e) 
unit 35 miles outside of Madrid. Among the U. S. bid- 
ders are GE, Westinghouse and Internuclear; GE’s 
boiling-water concept is reported to have the inside 
track. 





Two British Partnerships Announced 


New British industrial teams have been formed in two 
areas of nuclear energy—nuclear-propelled merchant 
ships and reactor instrumentation. The Nuclear Power 
Plant Co. has teamed up with one of Britain’s leading 
builders—Swan Hunter and Wigham Richardson 
.—to form the nuclear-ship combination; the fourth 


26 





British team in this field, they are prepared to handle 
both design and construction. Ekco Electronics Ltd. 
and George Kent Ltd. announced a formal instrumenta- 
tion partnership after informal cooperation on four 
heavy-water reactors. Ekco will supply nuclear controls 
and health-monitoring systems; Kent the physical instru- 
mentation and recorders for reactors, heat exchangers 
and turbines. 


Notes on German Reactors, Fuel Supply 





RWE, West Germany's huge utility firm, has received 
offers to build a 10-15-Mw(e) reactor from these firms: 
AEG (Allgemeine Elektrizitaetsgesellschaft); General 
Electric; Siemens/Westinghouse; Demag/Atomics Inter- 
national; Brown Boveri/Mitchell Engineering/General 
Nuclear Engineering; and ACF Industries. RWE has not 
abandoned its plans to buy a 250-Mw/(e) reactor if it can 
be built at costs competitive with conventional stations 
(NU, Mar. ’58, 26). . . . The consortium Brown Bo- 
veri/Krupp has completed development of a 15-Mw(e), 
thorium ere reactor for AVR (Assn. of German Pub- 
lic Power Supply Companies). An order to construct 
is expected by late 1958; the breeder unit calls for 
graphite moderator, helium-neon cooling. . . . Canada 
has about completed shipment of 11 tons of U concen- 
trate to Frankfurt for conversion to fuel-elements for the 
Karlsruhe research reactor. 


India Rebuffs U. S. Reactor for British Unit 


India’s first nuclear power plant will be a Calder-Hall 
type, according to reports oe Bombay. The Atomic 
Energy Establishment is said to have rejected a U. S.- 
designed package reactor because enriched-U purchases 
would drain dollar reserves. Time-table: a beginning 
on construction this year and completion by 1962 of a 
reactor supporting 100-150 Mw/(e) of output. Esti- 
mated cost: $63-million. 





Egypt Takes Delivery on Russian Reactor? 





The German newspaper Industrie Kurier reported the 
delivery to Egypt of a Soviet reactor, presumably for re- 
search. Assembling of the unit, the paper pa awaits 
erection of its housing. 


Czech Program Highlights Iron Curtain News 





Czechoslavakia says it will begin building later this year 
the first of ten power reactors to be completed by 1970— 
5,000 Mw(e) total capacity. The first, capacity 150 
Mw/(e), will be located at Bohunice, some six miles east 
of Trnava in Slovakia. Estimated cost is one billion 
Czech crowns ($13-million), including research and de- 
velopment. . . . Moscow Radio reports Russian agree- 
ment to help Hungary build an experimental power re- 
actor. . . . Yugoslavia’s first reactor, also built with 
Russian help, was successfully tested last month. 


U. S. Reactor Grants Go to Israel, Sweden 


Helping Israel celebrate its tenth birthday, AEC author- 
od a $350,000 grant toward the cost of a 1-Mw pool 
reactor ordered from AMF Atomics; the research unit 
will be part of the $1,410,000 Israeli Nuclear Center. 
. . . AEC granted another $350,000 to Sweden to help 
buy a 30-Mw/(th) tank-type research reactor from ACF 
Industries. Sweden is spending $4,294,995 for the re- 
actor and auxiliary facilities, about half for the reactor 
itself. 
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News in Brief 


AI Begins $1,250,000 Expansion Program 

Atomics International is off to a running start on a six- 
building, $1,250,000 expansion program near the AEC- 
owned Sodium Reactor Experiment (SRE) at Santa 
Susana, Cal. Slated for completion in only six months, 
the operation includes a $500,000 experimental facility 
for study and test of reactor cores, a $240,000 laboratory 
for development of organic moderators, a $160,000 sup- 
port lab for the SRE, and storage facilities. 


M & C Nuclear Completes New Facility 

An 11,200 sq ft laboratory addition to its Attleboro, 
Mass., plant y Be been completed by M & C Nuclear. 
The facility will be used to maintain “rigid production 
control of materials and to translate advanced techno- 
logical methods into production processes” for nuclear 
fuel. M & C produces fuel elements, reactor cores and 
core components. 


Union Carbide Stretches Out Building Program 

Union Carbide, modifying the research program orig- 
inally worked out for Sterling Forest, has deferred con- 
struction of the center’s two nuclear units—a building to 
house the research reactor ordered from AMF and a 
“hot” lab. The center’s other units are going ahead on 
schedule: a research-and-administration building, a min- 
erals lab and a utilities building. 


Hanford Plans $150,000 Isotope Plant . . . 

A $150,000 pilot plant for the processing and packaging 
of radioactive by-products of plutonium production is 
planned at Hanford, Wash., by AEC and its operator 
there, GE. Initially, Hanford will concentrate on the 
development of remote control equipment for packaging, 
using nonradioactive materials; experiments with radio- 
active materials will not get started until early 1959. 
Hanford has contracted with Arthur D. Little, Inc., to 
conduct a year-long comprehensive study of the market 
for cobalt-60, cesium-137 and other radioactive by- 
products. 


. . » Other Radioisotope Developments 

Tracerlab has been issued the first AEC license covering 
decontamination and storage of waste by-product mate- 
rials. The license covers the firm’s facilities at Rich- 
mond, Cal., Waltham, Mass., and Houston, Tex. . . 
Basic research work in the application of radioactive 
tracers to metallurgical processes has begun at two sta- 
tions of the U. S. Bureau of Mines—Salt Lake City and 
Reno. Initial bench work and eventual pilot plant oper- 
ation will be aimed at improving the refining of iron, 
manganese, copper and other ores. 


Highlights of Printed ‘202’ Hearings 

The printed record of Congress’ annual “202” hearings 
on the state of the atom—something of a sequel to the 
hearings held in February and March (NU, Apr. ’58, 
17; Mar. ’58, 17)—showed several interesting items were 
filed later in writing: Herbert D. Vogel, chairman, Ten- 
nessee Valley Authority, told the Joint Committee on 
Atomic Energy that TVA has been discussing with AEC 
“arrangements which we believe would make our par- 
ticipation in the over-all [power] program more effective 
and provide substantial advantages to both the Com- 
mission and TVA.” ...R. W. Cook, deputy general 
manager of AEC, estimated that up to 2-million kw(e) 
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capacity of U. S.-type power reactors would be in place 
abroad by 1964-65, excluding the U.K. . . . Rep. Chet 
Holifield (D-Cal.) warned Pacific Gas & Electric that it 
was prejudicing its case for “federal assistance in any 
form in the future” when it permitted AEC Chairman 
Strauss to announce its Humboldt Bay project during the 
first day of the 202 hearings. PG&E is handling the 
project without federal aid. 


AEC Signs New Type of U Purchase Contract 

Vanadium Corp. and AEC have worked out the first con- 
tract of its type in the history of AEC uranium buying. 
The agreement, running until March 31, 1962, includes 
these unique features: 1. states specific amounts of U 
concentrates for annual delivery; 2. makes no mention 
of ore input into Vanadium mills, and 3. runs for a rela- 


tively short period (some run through 1966). 


Nuclear Pools Assuming Liability Coverage 

Casualty insurance companies in the U. S. have begun 
to attach nuclear exclusion endorsements to conventional 
liability policies of atomic energy firms. Risks being 
excluded must be submitted to either the Mutual Atomic 
Energy Liability Underwriters or the Nuclear Energy 
Liability Insurance Association. Set up to cover nuclear 
risks, these two ls include more than 200 stock and 
mutual liability se 


Two New Accelerators for Phillips Petroleum 

A new accelerator building, housing a 10-mev electron 
linear accelerator and a Cockcroft-Walton positive-ion 
accelerator rated at 400 kv, has been projected for 
Phillips Petroleum’s research center, Bartlesville, Okla. 
Both were purchased from Applied Radiation Corp., 
Walnut Creek, Cal., are slated for operation this year. 


Pees. Seen Promising in 10 Years 

AEC reactor officials are optimistic about the application 
of thermocouples in the power reactor field, permitting 
the discard of conventional generating equipment. 
Thermocouples, it is felt, will become “a real factor in 
atomic power in less than ten years,” though not in use 
until some time later. Significant progress, it is re- 
ported, has been made recently in developing materials 
with the proper thermoelectric characteristics to permit 
military and commercial use. 


California Withdraws Hearing Demand on Disposal 

Fish and Game officials of the State of California have 
agreed to withdraw their demand for an AEC hearing 
on further licensing of radioactive waste disposal off the 
state’s coast. Formal airing of the protest has been 
waived temporarily pending the outcome of late Ma 
talks with AEC, officials of three firms already li 4 
and a fourth now seeking a license. 


S Sees Power Atom Coming into Own in 1975 

Philip Sporn, president of American Electric Power Co. 
(formerly American Gas and Electric), estimates that 5% 
of U. S. electrical capacity by 1975 will be nuclear; how- 
ever, 25% of capacity added between 1975 and 1980 
will be nuclear, he feels. He looks for only gradual 
improvements over the next 20 years but says they will 
add up to a major technical and economic achievement. 


Cosmotron Contract Awarded to Burns & Roe 

A design-engineer contract for the expansions at Brook- 
haven’s 6-Bev Cosmotron has been awarded to Burns 
and Roe. 
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More About Our Curve => NUCLEONICS Statistics of the Month 
NUCLEONICS’ work-in-progress a a ’ 

curves (right) have been further 

refined this month. Last month’s 

“federal funds” curve—including 

the nuclear Navy program—showed 

costs for the entire ships as cost fig- 

ures for their propulsion plants 

alone were then unavailable. This 

month’s adjusted curve has pared 

away cost of hull, armament, ship’s 

services, etc., and includes only the 

propulsion plant costs proper. 


Fields Resigns; Others May 
A wave of AEC top leadership 
departures has the industry worried. 
General Manager Kenneth E. Fields 
announced he was leaving July 1 
“or sooner” if a successor can be 
found; he gave no reason for quit- 
ting. His deputy, R. W. Cook, is 
also reported leaving. Reactor de- 
velopment chief W. Kenneth Davis 
is reported considering leaving AEC 
later this year; his deputy, Louis H. 
Roddis, has already resigned (NU, Latest 
April ’58, 19). month 
Nuclear Contracts*— 
SRE Reaches Full Power : Contracts awarded for federal projects ($10*) 
The Sodium Reactor Experiment, Proposed construction, privately-owned ($10*) 


built and operated by Atomics In- : 
: 4 r Contracts awarded, private work ($10*) 
ternational for AEC, reached design Backlog of private projects ($10°) 


power level of 20-Mw(th) May 21, 
a year after it first went critical. Access Permitst— 


PWR Finally Dedicated Access permits issued 
After more than five months of Total access permit holders 
successful operation, the Shipping- al 
part PWR was formally dedicate re: we 4 
May 26. President Eisenhower Applications for isotope use 
used a neutron source-wand to open Cumulative total of isotope users 3,692 
the turbine throttle by remote con- Oak Ridge National Laboratory shipments 1,267 
trol from Washington. Public and private export shipments 426 449 206 


East Central Group Formed Employmentt— 

Informally in existence for some AEC employment 6881 6831 6,646 
time, the 12 utilities of the East Construction and design contractors’ employment 10,059 9,973 14,782 
Central Nuclear Group (listed, NU, Total operating contractors’ employment 100,777 100,559 96,593 
Jan. °58, 17) incorporated last Production workers 50,703 50,516 50,745 
month. The non-profit group is Research and development employees 43,791 43,980 39,594 


working on two reactor projects: one Miscellaneous workers 6,283 6,063 6,254 
with Florida West Coast Nuclear 


Group, and one with NDA (NU, Operating Building Contracted 
Feb. ’58, 24). U. S.-built Reactors — 


Radiation Panel for NYC SS ree 
Mayor Wagner of the nation’s : 
biggest city named a Technical Ad- cad bp pene 7- eee 
visory Committee on Radiation to st a 
cope with radiation questions. Research and test, domestic 
Headed by John C. Bugher, former Research and test, for export 
AEC biology and medicine chief, Foreign-built Reactors+— 
the group will act as liaison between Power, domestic 24 
the Mayor and federal and state Power, for export 0 
agencies. Hanson Blatz of AEC’s / 14 
i al - Research and test, domestic 


and Safety Lab was named 
radiation consultant to the city’s Renney ate ton, Ser engest ’ 


health department. * From Construction Daily, 1 McGraw-Hill periodical {From AEC ¢ nuceomics figures 
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AND A 


OF YEARS OF EXPERIENCE 


SIX MONTH OSER SURVEY 


®@ We surveyed multi-channel analyzer users to find 
1t what they wanted in an analyzer. The results of 
this survey, combined with our years of research and 
manufacturing experience in the multi-channel ana- 
yzer field, have enabled us to produce what we con- 
sider the finest analyzer on the market today—the 
mproved RCL 256. 

Our customers not only helped us develop the 
RCL 256 but also this ad—much of which is com- 
posed of excerpts from our survey of current RCL 


56 users. 


Typical Uses of the RCL 256* 
low level gamma counting fission product 
ind fallout analysis alpha pulse spectrometry . . 
X-ray absorption coefficient determinations shield- 
ng evaluation isotope identification Mesoni 
X-ray energy measurement Na™ and K® spectra 
with a human source neutron time-of-flight studies 
recording coincidences between protons and elec- 
trons in neutron decay investigation of gamma-ray 
involved in proton capture two crystal 
coincidence gamma-ray spectra experiments 
crystal pair production gamma-ray spectra 
ad infinitum 
tually, uses of the RCL 256 are as numerous 
nd varied as our customers. The RCL 256 may be the 
ition to your radiation measurement problems, For 
more information write or call RCL collect. 
Improved RCL 256 Offers You These Advantages 
Proven Reliability. The reliability of the RCL 256 is 
est attested to by its users, Over one-third of them 
ow use more than one RCL 256. In fact, some 
laboratories use from four to ten RCL 256-Channel 
nals zers and consider them indispensable. 
Pre -set Time to 27 Hours. Extremely reliable dead-time 
ction enables the RCL 256 to operate automati- 
100 seconds to 27 hours of “Live Time” 
less dead-time). When the RCL 256 is 
in automatic pre-set time, the background may be 
inted for a period of “Live Time” equal to the 
ginal run and automatically subtracted from the 
ial run data. 
Readout. All channels are printed out in one 
ite (five channels per second). 
Logarithmic Readout on cathode ray tube and 
hart recorder. Completely transistorized log converte: 
reliability 
Completely Integrated System. Scintillation high volt- 
and linear amplifier are built into the basic 
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Compton 
three 


1dies 


* Ay 


illy from 
lapsed time 


Fast 


strip 


ge supply 
nstrument 
Delivery within 30 to 60 Days 
Free Installation. To make certain your analyze: 
ns properly, RCL engineers install it for you, They 
and instruct you in the instrument’s 
yperating procedure. 
Minimum Down-Time. All RCL instruments and prod- 
ire fully guaranteed against defective materials 
nd workmanship. In addition, the service and “know 
RCL’s field engineers are always available 
is free for one year. 
Complete Survey Results Now Available 
RCL 256-Channel User survey containing analyzer uses 
nions, operating problems, suggestions for improvement 
unedited Find out what users think of the RCI 
Write RCL today for a free copy of the 
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RCLiac 128 
Available in 
November 
who desire the 


reliability, which 
pr ov ides 


To scientists 
ultimate im 
transistorization 
ecommend the RCLiac 
his combination scaler 
lyzer performs every operation 
counting through scintillation-spectroscopy. Numbers are 
a cathode ray tube, making electro-mechanical printers 
Plug-in module construction precludes obsolescence 


irom gross 
presented on 
unnecessary 
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ORchard 3-8700 
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Linear electron accelerator for nuclear research 


GA plans studies in power reactor design, neutron and solid 


2 
° 


ras 


Intense neutron, x-ray and electron beams 
from a 2 to 32 Mev ARCO Mark 1-T4 
linear electron accelerator will open an- 
other area of General Atomic’s expanding 
program of nuclear research when the ac- 
celerator is installed this spring. GA physi- 
cists will use the (Y,f) and (¥,n) reactions 
in uranium to produce up to 10" neutrons 
per second (peak rate during pulse) for 
research in neutron physics and for studies 
with sub-critical power reactor cores. Nu- 
clear chemists will study photonuclear proc- 
esses with precisely controlled bremsstrah- 
lung of the order of 5000 times as intense 
as has been attainable with betatrons and 
synchrotrons. The accelerator’s pulsed elec- 
tron and x-ray beam will also be used for 
fundamental investigations in solid state 
physics and radiation chemistry. 


General Atomic Division of General Dy- 
namics Corporation is the corporate unit 
responsible for research, development, and 
production in the nuclear field. Its new John 
Jay Hopkins Laboratory for Pure and Ap- 
plied Science in northern San Diego is con- 
ducting research in reactors, nuclear and 
solid state physics, chemistry, and con- 
trolled thermonuclear reactions. A source 
of radiation was needed which would meet 
the diverse demands of the Laboratory. 


PIePPLIED 
LIADIATION 


state physics, nuclear and radiation chemistry 


General Atomic chose an ARCO Mark 
1-T4 linear electron accelerator. Initially 
operable at energies continuously variable 
to 32.5 Mev with electron beam power to 
4 kilowatts, this accelerator is designed for 
subsequent 2-fold expansion in both power 
and energy. 


For Neutron Physics—1016 
Neutrons/Second during Pulse 


High energy photofission reactions in ura- 
nium are among the most efficient neutron- 
producing reactions. High energy linear 
accelerators are intense x-ray generators 
and hence are useful sources of fast neu- 
trons. General Atomic’s ARCO Mark 1-T4 
linear accelerator will produce neutrons at 
a rate of 10 per second during pulses of 
4 to § microseconds duration; it will gen- 
erate average yields of 10” per second. 


Photofission reactions yield a characteris- 
tic fission neutron energy spectrum; mono- 
energetic neutrons will be obtained by time- 
of-flight techniques. General Atomic plans 
to Measure neutron cross-sections as well 
as detailed parameters characteristic of 
sub-critical reactor systems such as neutron 
spectra, diffusion constants, and neutron 
lifetimes. 


For Nuclear Chemistry— 
Gamma Yields 5000 Times 
Greater than from a Betatron 


Both the efficiency of bremsstrahlung pro- 
duction and the average energy of the 
bremsstrahlung spectrum increase with the 
energy of the primary electron beam. High 
beam power allows magnetic energy analy- 
sis to within 0.1-0.01 percent for precise 
bremsstrahlung generation. General Atom- 
ic’s nuclear chemists plan fundamental in- 
vestigations of (Y,n), (Y,p), (%@), (Y,d) 
and (Y,f) reactions as well as processes 
induced by neutrons. Photonuclear reactions 
will also be utilized for activation analysis 
and the production of nuclides which can- 
not be produced in a reactor. 


For Solid State Physics—'; to 
5 Microsecond Electron Pulses 


General Atomic will utilize the accelera- 
tor’s pulsed electron and x-ray beams to 
study both transient and gross radiation 
damage in semiconductors and structural 
materials. Electrons with energies of a few 
million volts will produce isolated inter- 
stitials and vacancies. With full machine 
energy, atoms knocked out of the lattice by 
a direct bombarding electron hit will have 
sufficient momentum to displace about ten 
other atoms. Thus, more complicated forms 
of radiation damage can be studied. 


For Radiation Chemistry—High 
Intensity, Deep Penetration 


G.A.’s pulsed electron beam will permit 
study of free radicals and other short-lived 
chemical species induced by ionizing radia- 
tion, for a sufficient number can be created 
in a single pulse or short series of pulses 
to allow direct identification. High beam 
energies make possible electron and x-ray 
irradiation of pressurized systems and thick 
specimens; high power operation makes 
study of low-yield reactions practical. 
General Atomic plans to make time on its 
ARCO accelerator available to selected re- 
search and development organizations and 
users of radiation. It also will conduct con- 
tract research studies of interest to the 
Laboratory. 


Write for Information 

Applied Radiation Corporation specializes 
in the development and manufacture of 
electron and positive ion accelerators, 
Modular construction allows ARCO to 
tailor accelerators to the needs of individual 
organizations, whether modest or demand- 
ing. 
Write for technical data on ARCO accel- 
erators and reports, AM-105, Isotope Pro- 
duction with a Linear Accelerator and 
AM-100, Production of Gamma Radiation 
with a Linear Electron Accelerator. De- 
partment N-6, 


High energy radiation for research and processing 


aORPORATION 


Walnut Creek, California, YEllowstone 5-2250, Cable ‘“‘ARCO"’ 
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In the design, 
engineering 

and fabrication 

of Pressure Vessels 
for Nuclear 


Reactors 


one stands out...PACECO 


Designers, Builders, Buyers of nuclear power plants! PACECO offers design-engineering experience 
and fabricating skills with reactor pressure vessels unmatched by any other company in the world. 
PACECO has been a part of virtually every project of the Atomic Energy Commission since 1947. 
PACECO designed and built the boiling water reactor vessel for the world's first privately financed 
nuclear power plant. One of the world’s first aluminum reactor vessels was built by PACECO for 
General Electric...And PACECO is now at work on a 77 ton test reactor vessel for Westinghouse 
Electric Co.'s facility at Waltz Mills, Pennsylvania. This is a record of achievement and experience 
which stands out in the infant industry of commercial atomic power. Here at PACECO is a fund 
of nuclear knowledge from which architect-engineers, contractors and utilities can profitably draw. 


For more information about PACECO's services and facilities write for Brochure 6-A 


9 PACIFIC COAST ENGINEERING CO. 


Alameda, California * New York 17, N. Y. 
P.O. Drawer ''E 51 East 42nd Street 


7 » LAkehurst 2-6100 OXford 7-1475 
OKO) “TAILORS OF STEEL”, . or 


REPRESENTATIVES: Pasadena 8, Calif., 774 East Green St., RYan 1-6663 * Kansas City 12, Mo., 4706 Holly St., Plazo 3-3737 * Houston 1, Tex., P.O. Box 1035, MOhawk 4-3504 
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Livermore Laboratory, Livermore, California. Photo courtesy of the A.E.C. and Foster-Wheeler Corp. 


another reactor under L&N control 


For the Atomic Energy Commission’s 1000-kw 
Livermore Pool-Type Reactor in California, an inte- 
grated Leeds & Northrup control system was speci- 
fied—a system bringing together all instruments 
needed to record and control nuclear functions at all 
power levels in this convenient console-cubicle. 
Among its many features, this instrument system: 
e provides the operator—by means of L&N Speedo- 
max® recorders and indicators—with accurate in- 
formation on conductivity in the tank, temperatures 
throughout the cycle, and area radioactivity. 


e adjusts rod positions smoothly and automatically 
at operating levels through the proved P.A.T. Series 


60 servo unit. 


e uses standardized components skillfully assembled 
to meet specific requirements of the reactor, making 


possible maximum efficiency at reduced cost. 


Information on L&N’s integrated control systems 
for research and power reactors is available in Folder 
ND46-03-268 (1), from Leeds & Northrup Company, 
4936 Stenton Avenue, Philadelphia 44, Penna. 


LEEDS NORTHRUP 


yo instruments : automatic controls ¢ furnaces 
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new source fora big appetite! 


Toelaal SD custwilstn <eaaeenee 


- 











Sig ete 


The Zirconium Age has arrived! Columbia-National’s 
new sponge plant now offers you a ready source of 
reactor and commercial grade zirconium. 


Uniform high quality zirconium is assured by convert- 
ing zircon sand to sponge at one location under the 
responsibility of one management. The unique “Ni- 
trophos” extraction process separates and purifies 
zirconium and hafnium in this plant. 


Reactor-grade and hafnium-containing commercial- 
grade zirconium sponge are available for government 
and industrial requirements. Leading metal converters 
and fabricators are now supplying zirconium mill and 
finished products. 


There is new opportunity in the Zirconium Age. You are 
urged to investigate its use in atomic reactors and in 
process equipment where corrosion conditions are 
severe. Columbia-National is ready to help with melt- 
ing, fabrication and application assistance. Write for 
technical bulletin, specifying your interest. 





NEW(METALS FOR INDUSTRY 


“Sac ee” 
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EXTRUSION * CASTING * FORGING « FABRICATION 


<CURME'K" 


Ferrous, non-ferrous and titanium alloys give you 


the properties you need for positive performance. 


TRANSVERSE STRENGTH TORSIONAL FATIGUE 


MECHANICAL PROPERTIES 
EXTRUDED ASTM A-335 GRADE P11 TUBING SAE 6150 STEEL @ 10’ CYCLES 
Room Temperature — Longitudinal and T 








Longitud ronsverse 
75.1 75.0 AIR MELTED VACUUM MELTED 
@Q3-°"— 





BED srecirication 
LONGITUDINAL 
|} TRANSVERSE 


—_— 


ELONGATION % 


STRENGTH — 1000 PSI 
STRENGTH — 1000 PSI 

















YIgLD TENSILE ELONGATION ELONGATION NORMALLY CURMET ROLLED CURMET 
STRENGTH STRENGTH LONGITUDINAL TRANSVERSE PROCESSED EXTRUDED EXTRUDED 


IMPACT STRENGTH ELEVATED TEMPERATURE 


CHARPY IMPACT STRENGTH OF STRESS RUPTURE CHARACTERISTICS OF 
GRADE TP 304 TUBING FORGED NIMONIC 90 
ctured by various processes — (minus 300°F.) 21,160 PS! STRESS AT 1600°F 


2a CURMET FORGED 
pee | SPECIFICATION 





CHARPY IMPACT STRENGTH (KEYHOLE) FT.-L8S. 
TIME TO RUPTURE — HOURS 


NOT SPECIFIED 
ELONGATION — REDUCTION OF AREA — % 











CURMET PIERCED FORGED CENTRIFUGALLY CAST STRESS RUPTURE ELONGATION REDUCTION OF 
EXTRUDED BORED COLD WORKED LIFE 


Above are examples of physical properties resulting from CURMET Processing. 
Consult CURMET for data to meet your design problems. CURMET Processing has been 
developed by the Metals Processing Division of the Curtiss-Wright Corporation. 


FOR FULL INFORMATION, WRITE TO: 


METALS PROCESSING DIVISION «) CURTISS-WRIGHT CORPORATION 
760 Northland Avenue Buffalo 15, New York 
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This General Electric designed and developed amplifier operates without the use of refrigerants at ambient 
temperatures from — 67°F to 750°F. 


High-temperature, Radiation Tolerant 
Electronic Equipment — Without Refrigerants 


GENERAL ELECTRIC HAS PROVEN ABILITY TO MEET YOUR REQUIREMENTS 


Here’s important news for you if 
your systems project dictates the 
need for temperature and radiation 
tolerant electronic equipment. The 
General Electric Company stands 
ready to undertake the design, de- 
velopment, manufacture and evalua- 
tion of your equipment where your 
specifications call for successful 
operation up to 750°F, without re- 
frigerants. And General Electric’s 
ability to meet your high-tempera- 


notable successes. 


FOR EXAMPLE General Electric has 
already developed airborne amplifiers 
which have been successfully operat- 
edoveranambient temperature range 
from —67°F to 750°F. Special cir- 
cuit designs and packaging tech- 
niques permitted this without the 
use of heavy, complex refrigerating 
equipment. 


FOR INFORMATION on how General 
Electric can help you solve your 


ment problems, contact your G-E 
Missile and Ordnance Systems De- 
partment Field Sales Office or mail 
the coupon below. 


GENERAL ELECTRIC COMPANY 
Section F 222-6 

Lakeside Avenue 

Burlington, Vt. 





C Please send me bulletin MPB-32, “High-Temperature 
Electronic Equipment.’ as 


gh Be 
Engineering Specialists. 

NAME...... 

TITLE 

COMPANY .. 

ADDRESS 

CITY. 


ture requirements is backed by high-temperature electronic equip- 





Progress /s Our Most Important Prodvet 


GENERAL @@ ELECTRIC 





These two tubular en- 
trances are the Pratt Air 
Locks in the Vallecitos 
Boiling Water Reactor at 
the General Electric Valle- 
citos Atomic Laboratory 
at Pleasanton, California. 


The Henry Pratt Personnel Air Lock 
provides easy passage in and out of containment vessels in 
full compliance with the AEC code for reactor construction. 


While the Air Locks are designed and built specifically for each 
atomic power plant, they all include some very desirable Pratt developments. 


An interlocking feature that keeps one door shut while the other is open is 


typical of the many simple operating principles that add up to a high safety 
factor. Any arrangements of automatic and manual controls can be incorporated. 


The locks can be built to withstand any practical pressure with 
compression or pneumatic door seals . . . size is no problem—locks are now 
being built that will accommodate trucks. 


Air Locks already installed . . . Two locks in the Boiling 
Water Reactor of General Electric’s Vallecitos Atomic Lab- 
oratory, Pleasanton, California ...Two locks in the M.I.T. 
Research Reactor. 

Air Locks now being built. . . Three locks for the C.N.R.N. 
Reactor, Ispra, Italy . One lock for the Enrico Fermi 
Atomic Power Plant of the Detroit Edison Co., Laguna 
Beach, Michigan . . . Two locks for the 30 MW Test 
Reactor at the General Electric Vallecitos Atomic Labo- 
ratory, Pleasanton, California. 


Manufacturers of 
Personnel Air Locks 
Rubber Seat Butterfly Valves HENRY 4 
Turbine-Condenser >) A TYyury. 23 
Expansion - I | 54 vay | | One of the two Pratt 
Paper Mill and Air Locks now in 
Dessvertion Equipment use at the M.I.T. 
Specialized Steel Fabrication Research Reactor. 


Henry Pratt Company, 2222 S. Halsted St., Chicago 8, Ill. Representatives in principal cities 
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IN SRE... Zallea expansion joints absorb thermal 
expansion of reactor core tank and outer tank 


The very nature of the Sodium Reactor Experiment, conducted by Atomics International 
for the AEC, and the method of handling the liquid sodium reactor coolant demand 
reliability in expansion joints. Because of the operation there can be no compromise in 

design or quality. 

The high temperature SRE uses Zallea Expansion Joints where thermal expansion must 
be absorbed and where a gas seal must be maintained. An 11-ft. diameter Zallea 
Expansion Joint at the top of the outer tank absorbs the expansion that results from 
the temperature increase in these components as the reactor comes up to operating 
temperature, 960°F. In addition, the expansion joints form a seal for the helium 
gas and sodium vapor above the sodium pool at the top of the reactor as well 

as for the helium gas within the outer tank. 

In the sodium coolant piping circuit gas seals are effected by means of Zallea 
Expansion Joints in the region where the pipes leave the reactor cavity and 
enter the pipe galleries. 

Zallea has worked with almost every major engineering and manufacturing 
firm engaged in atomic, nuclear and missile work—and has provided the large 
majority of expansion joints for such projects. As a result, we have accumu- 
lated a store of expansion joint engineering data and manufacturing skills 
that cannot be equalled. Whenever expansion is involved in piping systems, 
reactors, tanks—whatever the application—let our engineers work with 
you. We already have the answer to many of the difficulties you will 
encounter. And we welcome the chance of tackling your problem. 


expansion joints 


ZALLEA BROTHERS, Wilmington 99, Del. « World's largest manufacturer of expansion joints 





Tension tests are required to be made at room 
temperatures and at 670° F. The following minimum 
physical properties shall be met: 


At Room Temperature: 


TS Ys EL RA CHARPY V-NOTCH 
70,000 


30,000 45 50 50 


At 670° F, the minimum tensile strength shall be 
51,000 p.s.i. and the minimum yield strength 
18,300 p.s,i. 


Rejection 


Each casting that develo 

PS unacceptabl 
defects during shop working or fails rs 
conform to all of the requirements of 
these specifications shall be rejected, 


No repair by welding or other 
will be permitted. ieee 


Radiographic Inspection 


(a) Paragraph SS (a) of the Supplementary requirements 
of ASTM-A 362-527. 


(bo) All castings shall be rediographed 100% and shall 
conform to ASTM-E7 1-52, Class 2 quality, except 
as modified by these specifications. 

All cast pipe shall be hydrostatically 


tested to 5,900 p.s.i. and held at that 
pressure for 20 minutes with zero pipe 
leakage. Each length of pipe shall be 
hydrostatically tested at the manu- 
facturer's plant. 


The 30LL stainless steel shall con- 
form to the following ladle analysis: 


03 max. 
1.50% max, 
Phosphorous .03% max. 
Sulphur -03% max. 
Silicon 2.00% max. 
Chromium 18.00 - 
Nickel 8.00 


Carbon 
Manganese 


The manufacturer shall establish a positive system 

of identification of the X-ray plates which shall 

be subject to approval by the inspector. This 

system shall guarantee complete coverage by 
radiographing and provide for positive identification 
between the plate and the subject. 


Inspection of Penetrants 


All castings shall be subjected to inspection by 
fluorescent penetrants or penetrating dyes both inside 
and out. All cracks, porosity, or flaws revealed as a 
result of the Dye Penetrant Test shall be due cause for 
rejection of the casting. 


Pipe: All pipe of the following sizes shall 
be centrifucally cast stainless steel as per 
ASTM-A 362-52T, except as modified by these 

specifications: 


16" - Sch. #160 
12" - Sch. #160 
10" - Sch. #160 

8" - Sch. #10 


All pipe shall be machine finished to 125 
micro-inch interior and exterior. 





for nuclear piping 


met by 
U.S. PIPE 
metal 
molid 
process 


Centrifugally Cast Stainless Steel 
Solves Many Piping Problems 


Combinations of temperatures, pressures and corrosive condi- 
tions never encountered before: these are among the piping 
problems that must be overcome by the men who design the 
nation’s nuclear power installations. 


Stainless steel centrifugally cast pipe provides many of the 
answers. Study the specifications at the left... specifications 
demanded of stainless steel pipe on a recent job for Paul 
Hardeman, Inc., Los Angeles, California. This pipe is being used 
for heavy duty, high pressure, elevated temperature service in 
the primary piping system of the SPERT-IIi Reactor at the U.S. 
Atomic Energy Commission's National Reactor Testing Station 
near Idaho Falls, Idaho. The Stearns-Roger Mfg. Company, 
Denver, Colorado, is the architect-engineer on this project. A 
complete tabulation of the actual test data obtained on this pipe 
and to this specification is available upon request. 


U.S. Pipe is headquarters for meta! mold centrifugally cast alloy 
and stainless steel pressure pipe over a wide range of special 
and standard analyses—in large and smal! quantities—and to 
individual specifications. 


If piping of the type described above is the bottleneck in your 
nuclear power planning, write and outline the problem. 


SIZE RANGE 

AND COMPOSITION FLEXIBILITY 
Outside Diameter —6” to 50” 

Wall Thickness — %” and up 
Length—Up to 16’ 


Types of Stainless—All Standard AIS! and ACI grades 
of ferritic and austenitic stainless, including No. 20 
Alloy, 17-4 P H, 17-7 P H and E.L.C. grades. 


Steel ind jibes Livin =) 





Special Solar Skills 
for Advanced Systems 


HIGH-TEMP. HONEYCOMB. Solite®—a 
lightweight, heat-resistant brazed steel, high 
alloy sandwich structure developed by Solar— 
has high potential for use in advanced systems. 


EXPANSION JOINTS. Solar produces the 
largest array of expansion joints in the world, 
including complete ducting systems for air- 
craft, missile, nuclear and other applications. 


PROTECTIVE COATINGS. Solar research 
and development in advanced metallurgy has 
produced a family of high-temperature protec- 


tive coatings far ahead in the field. 


HIGH-TEMP. BRAZING. Using hard-to- 
work metals and high-temperature alloys, Solar 
brazes stronger, lighter systems components in 
specially designed heat-treating furnaces. 


Solar offers proven systems capabilities 


Systems capabilities at Solar embrace 


the design, development and pro- 
duction of airframe, propulsion, 
ground support, guidance and 


control systems. Responsibility for 


Solar’s systems program is centered 
in a team of experts experienced in 
the many sciences related to systems 
technology—from basic design to 
highly-precise experimental, proto- 
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type and volume production. And 
underlying Solar’s systems capabili- 
ties is a backlog of more than thirty 
years of proven leadership in high- 
temperature metallurgy, aerody- 
namics, thermodynamics, combus- 
tion research and others. 
Complete manufacturing and test 
facilities are also available for your 
important systems program. For 


detailed information about Solar’s 
systems capabilities, or about any 
of the areas mentioned above, write 
to Dept. F-24, Solar Aircraft Com- 
pany, San Diego 12, California. 





SOLAR 


AIRCRAFT COMPANY 


SAN DIEGO 
DES MOINES 
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To align radar antennas with extreme accuracy. 


Kollmorgen 30X Collimator. 
Measures within a pencil's width at a mile. 


Kollmorgen instruments 
like these are bridges between 
the eye and the invisible. 


The various instruments on this page all have 
one purpose in common—they allow the observa- 
tion and measurement of objects which it would 
otherwise be impossible to see in detail. In 
bunkers, under water, in the absence of light, 
in the presence of radioactivity and under many 
other adverse conditions, Kollmorgen remote 
viewing instruments have brought the eye of 
the observer to the heart of his problem. 


A letter to us with a simple sketch illustrating 
your remote viewing problem will place one of 
America’s most respected and versatile de- 
signers and manufacturers of optical instru- 
ments at your service. For more information 
write Department 116. 


OLLMORGEN 


optical corporation 
347 KING STREET, NORTHAMPTON, MASS. 
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Problem 
Solutio 


Problem 
Solutio 


Problem 
Solution 


Remote viewing in the presence of 
barmful! radiation, heat, pressure, water 
or toxic gases. 

Kolimorgen Wall Periscopes with non- 
browning optics, corrosion-resistant mo- 
terials, 180° scanning. 


Detailed, long-range observation at sea 
under varying weather conditions. 


Kolimorgen 20X, 120 Ship Binocular. 
Wide, bright field. Hermetically sealed, 
super lightweight. 


Internal inspection of inaccessible areas 
of tubing, long bores, machinery, en- 
gines, aircraft structures. 


Zeiss-Kolimorgen Self-illuminating Bore- 
scopes. Diameters from .100”, lengths 
to 45 feet. Bright, clear field. 
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On this subject: 
HEAT EXCHANGERS FOR NUCLEAR SYSTEMS 


... Ross speaks with experience 


The initiative which Ross has taken in virtually every field of heat exchanger development 


applies to the nuclear energy field, as well. Ross engineers were early at work. 


Starting with exchangers designed and fabricated for the Manhattan Project, and 
carrying on down right through to today, Ross has been steadily building its reputation in 


nucleonics circles. 


The readiness of Ross to perform engineering development; the possession of the 

necessary skills to work with specialized materials; the ability accumulated through experience 
to meet stringent specifications; the opportunity to draw upon the vast resources of 
American-Standard* through its Atomic Energy Division .. . these and others are points which 
Ross engineers would be pleased to discuss with you. Yes, Ross can speak with experience. 


Your inquiries are invited. 


American-Standard, Ross Heat Exchanger Division, Buffalo 5, N. Y. 
In Canada: American-Standard Products (Canada) Limited, Station D, Toronto, Ont. 


* Amenican-Standard and Standard ® are trademarks of American Radiator & Standard Sanitary Corporation. 


American-Standard 


ROSS HEAT EXCHANGER DIVISION 
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— SSD (lrnowncas 


10 KW POOL TYPE 


MODEL #605 


research & training reactor 


Complete Reactor including 
instrumentation, shielding, 
experimental facilities, 
installation and operator 


training. 





For complete information write to: 


NUCLEAR PRODUCTS ERCO 


Division of GQCf Industries Incorporated 
508 Kennedy Street N.W., Washington 11, D.C. 
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CAST nuclear stainless steel 
valves and fittings now proved 
economical with superior strength 


Cooper Alloy cast nuclear-service stainless 
steel valves and fittings are saving money, 
providing greater strength in AEC-contract 
plants today. Here’s the story: 


This Cooper Alloy stainless steel fitting for nuclear 
service, here being machined, possesses a yield * 
strength of 26,000 psi at 650°F.—20% higher than 
values specified by code. 


Cooper Alloy 16” stainless steel gate valve body 
illustrates the wide range of nuclear valves and 
fittings now being cast by Cooper Alloy for atomic > 
energy service. 





YIELD STRENGTHS: CAST vs. FORGED STAINLESS STEEL 


Cast Stainless Steel 
SA351-CF8 


Forged Stainless Steel 
SA182-F8-304...... ...17,900 psi @ 650°F.() 


Cooper Alloy Cast Stainless Steel 
ASTM8351-CF8.. .. . .22-27,000 psi @ 650°F.(?) 


(1) Figures represent minimum yield strengths required by 
ASME Unfired Pressure Vessel Code, Section II, and 
have been calculated as follows: 
Ys = allowable stress 

0% 


18,400 psi @ 650°F.() 


(2) Figures taken from tests of actual heats of material 
manufactured by Cooper Alloy for the AEC’s SPERT III 
program at Idaho Falls, Idaho (see Nucleonics, Aug. 57}. 











Strength: As the figures in the accompanying chart show, 
Cooper Alloy is currently achieving what many have 
described as ‘“‘the impossible’’: producing 304 ELC stain- 
less cast valves and fittings consistently with yield 
strengths of 22-27,000 psi at 650°F.! These superior 
physical properties are finding wide application in meet- 
ing the exacting strength and economy demands of the 
nuclear industry. 


How It’s Done: These outstanding properties have been 
achieved by utilizing skills developed through Cooper 
Alloy’s over 35 years of experience in casting stainless 
steel exclusively. In particular: ¢ Use of proper directional 
solidification, achieved by proper mold design, plus 
foundry know-how in metal feeding, ensures a sound 
solid casting. e An exact balance of chemical composition 
develops the maximum strength characteristics inherent 
in the complex structure of stainless steel alloys. « Incor- 


poration of foundry considerations into valve and fitting 
designs ensures maximization of the alloy’s and the 
item’s potential. 

Quality Controls: In addition to all usual checks, such as 
100% X-ray examination and dye-penetrant surface 
testing, all components are subjected to a 6,000 psi 
hydrostatic pressure test. 


The Costs: Savings up to 40% have been achieved with 
sizes of fittings running from 8”—24”. 


Want more information? Telephone or write the Nuclear 
Division, Cooper Alloy Corporation, Hillside, N. J. 


COOPER (3 ALLoY 


Corporation «+ Hillside, New Jersey 
THIRTY-FIVE YEARS OF STAINLESS STEEL PIONEERING 
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you can 


the difference 
in the 
CRL system 


and it costs no more! 


Now, with the many accessories offered, the Central Research Manip- 
ulator lets you perform an even greater variety of intricate opera- 
tions. All of these accessories are remotely interchangeable . . . each 
is the product of precision craftsmanship and exacting control of 
tolerances. The manipulator itself has that inherent “sense of feel” , ‘ : 
which is the result of continuous design improvement and rigid write today for complete information to: 
quality control throughout every phase of manufacture. Field main- 


tenance is simplified by standardization and interchangeability of 
parts, yet each manipulator is “‘custom built’”’ by skilled craftsmen 
with years of experience. Because of this individual attention the 
CRL Manipulator is easily adapted to your particular needs. 


If you use—or plan to use—hazardous materials that require laboratories, inc. 
intricate handling, CRL Manipulators will speed up your production 
or research program. We will also be glad to advise you on the layout 
of hot cells and other research areas, to help you gain maximum Dept. 101 
benefit from your CRL Manipulator. 


central research manipulators 
from basic Argonne National Laboratory design 


Red Wing, Minnesota 
































Father and son 
total 70 years 
machining steel 


At the U. S. Steel Homestead Forge 
Shop, you find a lot of men who carry 
on in the shoes of their fathers. Gus 
Seitz’s father was a Journeyman Ma- 
chinist for 30 years before he retired. 
Gus started in the shop when he was 16, 
worked as an apprentice, Journeyman 
Machinist, Inspector. After six years in 
Production Control, he moved up to 
General Foreman, a post he has held 
for 10 years. With 40 years of machining 
experience behind him, Gus supervises 
a staff of 256. 

His most important job: see that the work is carried out to 
the customer’s specifications, on time. 

The forgings in the picture illustrate some of the scheduling 
problems that Gus has to solve. These are closure head flanges 
for a nuclear reactor—130” OD, 88” ID and 35” high. Ingots 
were cogged, upset, punched and forged over a mandrel. Then 
they received the preliminary machining. Next came a quench- 
and-temper heat treatment to meet the physical properties 
needed by the reactor builder. Then followed about 10 days of 
testing for microstructure, tensile strength and ductility. Finally, 
the forgings were scheduled back onto the 20-foot vertical boring 
mill for final machining. 

With men like Gus Seitz riding herd on your USS Quality 
Forging order, you can rest assured that money won’t buy a 
better piece of steel. U. S. Steel has the men, the know-how, the 
equipment and steel to turn out forgings for the most critical 
service, and we’re eager to help you solve your forgings problems. 
Write for our free 32-page booklet on USS Quality Forgings. 
Send your requests to United States Steel, Room 2801, 525 
William Penn Place, Pittsburgh 30, Pa. USS is a registered trademark 


United States Stee! Corporation—Pittsburgh 
Columbia-Geneva Steel—San Francisco 
Tennessee Coal & lron—Fairfield, Alabama 
United States Stee! Export Company 


United States Steel 



































‘daa | 
means. 


dioltterris 4 ; 


Be sure that your data is accurate. Westronics’ 
rugged Single Pen® Miniature Recording Po 
tentiometer is better than 0.5% accurate, with a 
one second full scale pen travel. 


This compact recorder, fits in 9%” x 8%” panel 
space, has more optional features than any 
other small recorder built today. The front and 
back set limit switches, plug-in range units, 
and transmitting slidewire are among the op- 
tional features of the Westronics Single Pen 
Miniature Recording Potentiometer which 
adapt this recorder to a variety of uses. The 
recorder is widely used by many industrial 
plants and missile testing operations. 


sya 100e 88 








PRICED ONLY 


$4.90°° 
IMMEDIATE 
DELIVERY 
Send for literature 
*Miniature Dual Pen Rec- 


orders of same dimensions 
also available. 


westronics. 


INCORPORATED 
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Rotary seal of 
Hydrofluorination Furnace, 
Type DROe 10/300 


Uranium Tetrafluoride 


can be produced in rotary tubular furnaces without cont- 
amination with neutron parasites. To find out what materials 
can be used and how rotary seals for hot hydrofluoric acid 
must be designed, years of chemical, metallurgical and 


engineering experience had to be combined. 


Our production program includes: 


1. reactor grade metals like uranium, thorium, zirconium and 
others, 


2. metallic and ceramic nuclear fuel elements for hetero- 
geneous reactors, 


3. equipment for the production and fabrication of reactor 
materials. 


DEGUSSA PRAUwN EP eae AM 
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WESTINGHOUSE TESTING REACTOR 





Construction Report 
on Industry’s 
First Testing Reactor 


This is the foundation construction for the 
Westinghouse Testing Reactor. 

Scheduled for completion in the spring of 
1959, this 20-mw reactor will be available to 
industry for high-flux irradiation experiments, 
including those requiring high-temperature 
and high-pressure conditions. Auxiliary ser- 
vices will include: rabbit tubes, hot cells, 
reactivity measuring, critical experiment and 
gamma irradiation facilities. 

For space reservations and assistance in 
planning nuclear tests, write: Westinghouse 
Testing Reactor, Box 1075, Pittsburgh 30, Pa. 


J-59001 


Photo taken April 2, 1958. 


you CAN BE SURE...1F 17s Westi nghou Se aw 
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Interlocking lead brick and other unique lead protective products have 
been designed by Federated for the nuclear industry. Convenient lead containers, one pound to 10 
ton casks, and larger to your precise specifications. Federated is long experienced in fabrication of 
cast, rolled and extruded lead products, sheet, plates, and piping. Asarco’s Central Research Labora- 
tory offers a wealth of information about temporary and permanent structures to house or transport 
radioactive materials. For lead protection call one of the convenient offices of Federated Metals Divi- 
sion of American Smelting and Refining Company, 120 Broadway, New York 5, N. Y. In Canada, 


Federated Metals Canada, Ltd., Toronto and Montreal. 


FEDERATED METALS DIVISION OF 





ANVGWO?D ONINIASY ONY ONILISWS NYDISANWY 


WN 
> 
X 
e 
~ 





ElectroniK recorders .. . with spe- 
cial scales for nuclear process 
variables. 


MegopoK thermocouple wire . . . de- 
signed for fuel element temperatures in 
nuclear installations. 


Safety amplifiers . . . one of 


eight special units for reactor 
control rom 


Pressure gages . . . for 


5 °o uw r : e coolant flow, monitoring, 


and other applications, 


2s . 
ee reactor instrumentation 
: . a 
Tel-O-Set miniature instruments for every sced 


. +. for use on graphic panels or 
to save space. 





What are your instrumentation requirements—a single in- 
strument .. . a packaged nuclear reactor control system? You 
can place undivided responsibility with Honeywell for every- 
thing from initial specifications to complete installation and 
startup. 


From this one source, the world’s largest instrument manu- 
facturer, you also receive expert engineering assistance in 
application and maintenance . . . and prompt, efficient service 
from a branch office near you. 





Your local Honeywell sales engineer will be glad to help you 
select the reactor instrumentation you need. Call him today 
... he’s as near as your phone. 


MINNEAPOLIS-HONEYWELL REGULATOR Co., Industrial Divi- 
sion, Wayne and Windrim Avenues, Philadelphia 44, Pa. 


Honeywell 
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Three-mode contrellers . . . matched 
to reactor characteristics. 











Irradiation studies of experimental fuel elements 
at high temperatures (1700°F) for a projected 
gas-cooled reactor design are now being carried 
out by Ford Instrument Co. engineers at the reac- 
tor facilities of Brookhaven National Laboratory. 
Major aims of the fuel-element irradiation pro- 
grams are to study fission product diffusion and 
leakage, and to secure radiation damage informa- 
tion. The studies are directed toward development 
of a fuel element that can be fabricated economi- 
cally with a low reject rate, that uses material of 
low enrichment, that can be reprocessed economi- 
cally and be economical of fuel inventory. 
Irradiation of fuel elements at high temperature 
is just one of the nuclear studies and projects 


Fuel-element irradiation studies at 1'700°F 


completed or now under way by Ford Instrument. 
Others include: design ofa complete closed-cy« le 
gas-cooled reactor, manufacture of control rod 
drive mechanisms (e.g., as used in the submarine, 
Seawolf ), control rod position indicators, magnetic 
and transistor amplifiers for nuclear applications, 
and studies of control rod and reactor materials. 
In addition, Ford Instrument is conducting numer- 
ous feasibility and experimental studies in the nu- 
clear field, including the application of digital 
techniques to reactor control. 

To find out how you can put Ford Instrument 
nucleonic capabilities to work on your problems, 
write to Nuclear Sales, Ford Instrument Co., 
31-10 Thomson Ave., Long Island City 1, N.Y. 


8.15 


FORD i STRUMENT Co. 


 \ DIVISION OF SPERRY RAND CORPORATION 


A CREATIVE TEAM OF SCIENTIFIC, ENGINEERING AND PRODUCTION TALENT 





NOW... 
A COMPLETE 
NUCLEAR 


“PACKAGE FUEL” 


PLAN 
af 


“A 


Another SYLCOR first! All the customer needs is the allocation 
for the nuclear material required in the fuel. For a single price, 
SYLCOR will do everything else, straight through to the 

delivery of the completed nuclear fuel elements. 


SYLCOR’s pioneering nuclear “package fuel” 
plan means substantial savings in both time 
and money to the users of nuclear fuels. 
Here’s how SYLCOR’s plan works: 

@ SYLCOR will quote one fixed price which will 
be the total and only charge to the customer for 
the delivery of the completed elements for core 
loading. 

@ The customer need only obtain an allocation 
for the special nuclear material specifically re- 
quired in the fuel. It will no longer be necessary 
for him to get extra allocation to cover scrap and 
losses in the production of standard enrichment 
fuels. 

@ SYLCOR will arrange and pay for the conver- 
sion of UF,. 

@ Where rapid delivery is important, SYLCOR 
will supply from its inventory all special nuclear 
material required, replacing this material from 
the customer's allocation before delivery of fuel. 


@ SYLCOR will assume responsibility for proc- 
essing losses and scrap reprocessing of special 
nuclear material. 

@ SYLCOR will pay all use charges during the 
entire fuel element production period, with the 
customer assuming the direct use charge on only 
the special nuclear material in his fuel element and 
only after delivery of the completed fuel elements. 
The extreme simplification of this SYLCOR- 
developed “fuel package” plan permits 
SYLCOR to serve you better by providing 
the finest quality nuclear fuel quickly and eco- 
nomically. For full details on this new complete 
nuclear fuel plan, write to our Marketing Staff 
at Sylvania-Corning Nuclear Corporation, 


Bayside, N. Y. 
CORNING 


SYLVANIA— 
NUCLEAR CORP. 
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Cylinder for ALCO nuclear pressurizer is overlay-welded with stainless steel. 
Pressure vessel meets stringent Navy specifications for nuclear components. 


THE NEW DEFENSE AGAINST CORROSION 


Pressure vessels in nuclear plants operate under highly 
corrosive conditions. Solid stainless-steel construction 
resists this corrosion, but the cost is very high. Now ALco 
has developed a welding technique that clads the inside 


of non-stainless nuclear vessels with stainless steel—pro- 


g the same resistance to corrosion, but at less cost. 
This new development is being used on ALCco-built 
pressure vessels for various nuclear programs. The stain- 


machined, a seam-free, corrosion-resistant vessel results. 
In this particular product, ALCO has complete control 
of quality—from steel-making through forging, overlay- 
welding and final fabrication. Unique experience and 
facilities like this have made ALCO a leader in building 
components for almost every nuclear project to date. 
Information on ALCO nuclear and thermal equipment 
is available at your nearest ALCO sales office, or write 
steel is welded to the interior of a high-strength Atco Products, Inc., Department 


136, Schenectady, 
nder forged by Atco. After the stainless surface is New York. 


ALCO PRODUCTS, INC. 
NEW YORK 


Diesel Engines - Nuclear Reactors - Heat Exchangers + Springs + Steel Pipe + Forgings - Weldmenis + Oil-Field Equipment 








Information courtesy of Union Carbide Nuclear ¢ 
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DRYER AND FLUORINATOR DETAIL 


OUTLET 
(UFe, HF, Fa, Oz, & Na) 


POROUS TUBE FILTER 


SEE SHAFT SEAL DETAIL 
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MONEL PARTS 
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Corrosive conditions 


conditions faced by Monel alloy 


To get an idea of the corrosive 


inator. 
in this unit, look 


The Monel screw carries the oxides into the 
hot zone. Here it is reacted at 1050°F with 98% 


first at the small schematic. A dryer (same design 
as the fluorinator but made of nickel-containing 
stainless steel) feeds dry UO; and UO: to the fluor- 


fluorine. Outgoing gases (UF., F:, Oo, N» and trace 
HF) are filtered and passed through’ Monel piping 
to condensers where refrigeration separates UF.. 


In Oak Ridge fluorinator... 
Mechanical versatility of Monel proves 
as useful as its corrosion resistance 


Monel* nickel-copper alloy is a 
“doer”! 

And that goes for mechanical de- 
sign as well as corrosion prevention. 
Take the fluorinator shown above, 
used in the uranium recovery unit 
at Oak Ridge. In the unit, uranium 
oxides are reacted with hot fluorine 
to form uranium hexafluoride. Wher- 
ever hot fluorine contacts metal, 
Monel alloy is used. 


From the viewpoint of corrosion 
resistance this application of Monel 


alloy is not surprising. Monel alloy 
stands out in its resistance to corro- 
sion by fluorine and its compounds. 
Hot or cold. Liquid or gaseous. 


From the viewpoint of mechanical 
design, the versatility shown by this 
useful alloy is illuminating. Monel is 
used: (1) in Schedule-40 seamless 
pipe form; (2) as A welded fabrica- 
tion (the screw) ) for shafting; 
(4) in machined pa Bw (5) for 
piping. (See diagram above) 
Monel alloy meets the diverse 


physical, mechanical, and thermal re- 
quirements of all these uses. Further- 
more, it is produced in all mill forms. 
If you have a hot fluorine corro- 
sion condition that calls for action, 
Monel alloy may be your metal. For 
further information, write for our 
new 24-page booklet ‘‘Handling 
Fluorine and Fluorine Compounds 

With Inco Nickel Alloys”. 
*Registered trademark 


THE ween NICKEL COMPANY, INC. 
67 Wall Street ANCo, New York 5, N. Y. 





_INCO NICKEL ALLOYS 
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Euratom-u. S.: A Vital Tie 


FN geaenmten much has been accomplished 
on the development of reactor systems 
in the U. S., there has recently been a 
push to develop technology more par- 
ticularly suitable for foreign consumption. 
Pressure for this has come, of course, 
from the growing interest abroad in the 
acquisition of nuclear facilities. And this 
has resulted in sharp competition between 
the U. S. and the U. K. for this market. 

Perhaps best exemplifying the foreign 
interest in reactors—and also the “‘battle- 
ground” for American and British in- 
dustry—is the Euratom area, the six- 
nation Western European group. In 1957, 
Euratom announced a dramatic “target” 
of building 15-million kilowatts of nuclear 
power plant capacity by 1967. This was a 
target that most considered unrealizable 
but worthy of establishment as a goal to 
spur the member nations. 

With Euratom only having come into 
formal existence at the start of this year, 
it was uncertain how long a wait there 
would be before the group took its first 
real step. It is now encouraging to learn 
that a giant step has just been taken, a 
step that may well have profound implica- 
tions for industry in both Europe and the 
U. 8. There is reported elsewhere in this 
issue (p. 18) that the Euratom-U. 8. 
negotiating team has reached agreement 
on a program of U. 8. support for a 1-mil- 
lion-kw “starter” program. 


“aarbae: that apparently has been 
made for the sale of enriched uranium 
to Euratom will go a long way towards 
encouraging Euratom interest in enriched 
reactor systems, and consequently in 


fostering interest in the acquisition of 
U. 8. enriched designs. 

Apart from this political development, 
there are two other indications of strength- 
ening support for enriched systems. One 
is that the British, the strongest advocates 
of natural uranium, are planning to use 
slightly-enriched fuel in their advanced 
reactor designs. 

The other portent for the future is the 
similarity in conclusions drawn by the 
several U. 8. groups that have just finished 
studies of gas-cooled technology and eco- 
nomics. The most interesting conclusion 
is the strong support for enriched fuels 
over natural. There is recognition in the 
U. S., however, of the existence of some 
opposition abroad to being tied to U. S. 
enriched uranium. Thus, it has been 
suggested that although first cores of 
gas-cooled plants might be U***, a natu- 
ral-uranium—plutonium cycle might be 
used later on with the Pu providing the 
enrichment. 


HICHEVER route is followed in Euratom 

reactor building—if in fact it be any 
one route—it is important that Euratom 
is at last getting under way. There is 
much to be learned about power reactor 
building—-very much. And it is encourag- 
ing that the U. 8S. is stepping forth with 
boldness to offer Euratom very extensive 
assistance. “Success (of Euratom) could 
mean millions of dollars in equipment and 
services to be supplied by American in- 
dustry,” AEC Commissioner John F. 
Floberg told a NUCLEONICS seminar last 
month. “We are giving it top priority 
in Washington,” he said. 


L. so Editor 





Scintillation Counting—1958 


Scintillation counting seems to have reached a certain maturity, and 
consolidation of previous advances is the order of the day. Nevertheless 
interesting new ideas abound, a review of the status of scintillation 
counting reveals. For example new progress has been made on the in- 
corporation of heavy elements into plastic scintillators (p. 55) and organic 
phosphors are revealing hidden capacity for neutron detection (p. 54). 
Of circuit ingenuity there seems to be no end, one of the more striking 
developments being the vernier chronotron (p. 57). Photomultipliers 
for the micromicrosecond range are on the drafting boards (p. 58). 
Perhaps the most promising single proposal is the use of arrays of scintil- 
lating rods to reveal the tracks of high energy particles (reported in full 
NUCLEONICS here presents its biennial review of the state of 


scintillating art based on the Sixth Scintillation Counter Symposium, 


on p. 60). 
held in Washington recently. Complete proceedings will be published 
this fall in volume 5, No. 3 of the Transactions of the Professional Group 
on Nuclear Science of the IRE. 





What’s New in 


Scintillators? .. . 


SCINTILLATION 
COUNTING 
—1958 


. - » Neutron Detection Via Slow Phosphor Decay 


The recent observation that certain 
organic phosphors have a slow (200 
400 myusec) component of decay whose 
intensity depends on the nature of the 
exciting particle points the way to neu- 
tron detection with very low gamma- 
ray background. A de- 
tector having an efficiency of 20-50% 


fast-neutron 


and a gamma-ray efficiency of less than 
0.1% seems feasible. toughly speak- 
ing the long-lived components contain 
about 10% of the total light output 
and the intensity is doubled for recoil- 
proton excitation as compared with 
electron excitation. 

The fast components (typically a few 
mysec; 6.2 musec in the case of stilbene) 
are found to be independent of the 
nature of the exciting particle. Thus 
it is not essential to employ a fast pho- 


54 


tomultiplier to be able to distinguish. 
In fact, discrimination might be im- 
further by adjusting inter- 
dynode voltages so that the phototube 
will saturate on the high peak currents 


proved 


in the early stages of the pulse, thus 
enhancing the differences in the slow 
components. 

To distinguish between the two a 
cathode-ray-tube display has been used 
in which the peak pulse height provides 
the Y deflection and the total charge in 
the photomultiplier pulse provides the 
X deflection for the CRT spot. 
neutron-induced scintillations have ef- 


Since 


fectively a longer decay time than those 
induced by gammas, these spots lie 
along two distinct loci corresponding to 
the two types of particles (see figure). 

Many organic phosphors, solids and 


Cathode-ray-tube display shows dif- 
ferent loci for neutron and gamma-ray 
pulses from plastic scintillator 


liquids both, show these properties; stil- 
bene, anthracene, quaterphenyl, tolu- 
ene, and a xylene-naphthalene-methy! 
borate solution are among them. 


Based ona paper by R. B. Owen, AERE, 
Harwell, England. 
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. « « Plastic Scintillators Loaded with Heavy Elements 


Plastic scintillators containing 7% 
lead and having 50% of the pulse height 
of the metal-free plastic have been suc- 
cessfully fabricated, by placing a lead 
octoate-methacrylate mixed salt in a 
vinyl toluene base plastic. (Organic 
acid salts of the heavy elements are 
poorly associated and hence soluble in 
This high point is 
not very reproducible and more certain 
results can be obtained with a lead tri- 
methylacetate-methacrylate mixed salt 
in the same base plastic (see figure for 
typical pulse-height vs lead-content 
characteristic.) In both cases the pri- 
mary fluor is 0.5% PBD; 0.1% POPOP 
is the secondary fluor. Because of the 
high photoelectric cross section of lead 


organic solvents.) 


the sensitivity for low-energy-gamma- 
ray detection is typically five times 
greater than with the standard plastic 
scintillator for small counters and low 
discriminator settings. 

Present efforts are directed towards 
making heavy-element-loaded plastic 
scintillators in ‘‘large”’ (6-in.) sizes and 
refining present techniques to permit 
the inclusion of 10-20% of the heavy 
elements without serious light loss. 

Gadolinium and samarium have also 
been incorporated in plastic scintil- 
lators by this route and offer some 
promise as thermal-neutron detectors. 

Based on a paper by Mark Hyman, Jr. 


and James J. Ryan, Pilot Chemicals, Inc., 
Watertown, Mass. 


< 
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Pulse Height (%) 


é 
% Lead - 


Pulse height as a function of lead con- 
tent for lecd-loaded scintillator 


. « « Decay Times of Scintillators Pinned Down 


Cathode rays have been used to bom- 
bard organic scintillators in a new study 
A co- 
axially mounted mercury switch initi- 


of their very short decay times. 


ates the chain of events by sending 
pulses through appropriate delay cables 
to two sweep generators. 
generator operates the gun of an elec- 
tron accelerator, the other operates 
the data-displaying oscilloscope. The 
beam in the accelerator is 
gated and deflected across a slit to pro- 
duce a short pulse. The gun itself is 
a commercial 5XP oscilloscope gun, 
sealed onto the continuously pumped 
Peak beam current 
The usual system of 
postdeflection acceleration is used and 
the electrons arrive at the slit with an 
kev. After emerging 
from the slit, the electrons are further 
accelerated to a total energy of 75 kev. 
They are magnetically focussed on the 


One sweep 


electron 


vacuum system. 
is about 10 pa. 


energy of 24 


exit window, a nickel foil about 1.7 y 
thick. The anode and exit window are 
at laboratory ground potential. The 
scintillator is placed directly outside 
the exit window, where it is bombarded 
by the transmitted beam. The orien- 
tation of the accelerator tube facilitates 
the bombardment of the free surface of 
a liquid scintillator. Beneath the scin- 
tillator is a 1P28 phototube whose out- 
put is fed to a travelling-wave oscillo- 
scope. 

Because of the uniformity of pulse 
amplitudes, the use of time exposures 
s permissible in photographing the 
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This serves to average the sta- 
tistical fluctuations to a certain degree. 
The pulses are recorded on glass photo- 
plates. A plate is 
shown in the figure. 


pulses. 


graphic typical 

For most applications, the sweep 
speed of the accelerator is adjusted so 
that the beam is over the slit for ap- 
proximately 2 107? sec. This pro- 
vides a burst of about 10‘ electrons. 
Based on the accelerating potential of 
75 kev, this results in a total energy 
of 750 Mev per pulse. (This value has 
been confirmed by direct comparison 
with the pulse height of the internal- 
conversion electrons from Cs!*7.) It 
is important to note that although the 
pulse is large, the penetration is small. 
This fact is of great importance in ex- 
periments where self-absorption of the 
fluorescent radiation must be avoided. 
On the other hand, the concentration 
of energy in the sample is not so great 
that interactions between the individual 
scintillations occur. From the value 
of 0.5 mm for the cross-sectional diam- 
eter of the beam, one can calculate that 
in a typical scintillator the average pro- 
portion of molecules affected by a pulse 
is only about one in 10°. 

Results. Among the first experi- 
ments to be carried out with this ap- 
paratus was an investigation of the 
dependence of the decay time upon 
activator concentration in liquid scin- 
tillators. Results of these experiments 
have a direct bearing on our under- 
standing of the process of energy trans- 


fer from solvent to activator in these 
materials. The data on decay times 
not only supplement the data on light 
output vs concentration, but in many 
instances are more revealing and more 
easily interpreted. In particular, the 
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Scintillator decay as observed with 
travelling-wave oscilloscope. Timing- 
wave frequency is 1,000 Mc 


measurements of decay time have al- 
ready disclosed an important difference 
between the processes of energy trans- 
fer in liquids and plastics—liquid scin- 
tillators follow the theory developed by 
Kallmann and Furst, but solids do not. 


Based on a paper by R. K. Swank, et. al., 
Argonne National Laboratory, Lemont, Ill. 





What’s New in 
Electronics? . . 
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. - - Better Electronics for Neutron-Gamma Analysis 


Highly stable electronics make possi- 
ble what may be the first process line 
neutron-gaging method (see NU, April 
758, p. 115). It was described by 
W. B. Nelligan and J. Tittman of 
Schlumberger Well Surveying Corp., 
Ridgefield, Conn. The system detects 
prompt gamma photons arising from 
thermal-neutron capture in N*. 

Figure at left below shows the sys- 
tem as it is designed. Fast neutrons 
from a 5-c PoBe source are moderated 
by the hydrogen present in organic 
material. Captures in N'® produce 
10.8-Mev prompt gammas which are 
detected in four Nal crystals. Pulses 
from photomultiplier tubes go through 
a discriminator set to eliminate most 
of the low-energy spectrum. Then 
they are stretched, analyzed, and re- 
corded. Bismuth shields reduce the 
number of neutrons striking the crys- 
tals directly. Paraffin around the 
crystals reduce this number further, 
and a constant-temperature water bath 


decreases detector instability caused 
by temperature changes. 


Problems 


The situation is not a simple one. 
For required precision each crystal 
must recognize 10 nitrogen counts per 
sec in the presence of a background 
of 105 eps in the low-energy spectrum. 
Graph shows the spectrum presented 
to the crystals. 

Stability must be exceptionally good 
because of the steep slope of the back- 
ground counting rate at the energy of 
the nitrogen photons. Combined gain 
drifts of crystal, photomultiplier, and 
electronic circuits must be <0.75% 
between calibrations at 4-hr intervals. 


Solutions 

Each detector head has a 3 X 3-in. 
Nal(Tl) crystal and a Du Mont 6363 
photomultiplier operating at 1,300 
volts. Outputs are fed into a highly 
damped resonant circuit made up of a 





y Bismuth shield 


BF, counter 


Preamplifier 





Discriminator 


Photomultiplier 


Linear amplifier, 
pulse-height 
analyzer 


Scaler and 
register 


Linear 
amplifier 








circuit 
diode. 


2uh inductance, distributed 
capacitance, and a silicon 
This produces 40-mysec, 200-millivolt 
pulses in response to 10-Mev photons. 
Stability of a Hamner amplifier- 
pulse-height-analyzer combination was 
increased by increasing feedback and 
substituting premium circuit compo- 
nents at critical locations. Tests with 
a mercury pulser showed a final over-all 
stability of +0.2% per day. Tem- 
perature regulation is required. 
Addition of crystal and photomulti- 
plier introduced more drift than existed 
in all of the rest of the system. At 
temperature the temperature 
coefficient of gain was —1%/° C. 
Drift has been reduced as much as 
possible by providing a 3-in. water 
jacket in which temperature is held 
constant within +0.1° C. Mainte- 
nance of constant temperature is made 
easier by 4-9 in. of paraffin, around the 
detector heads, provided mainly as a 


room 


neutron shield. 


With 
nitrogen, 


Counting Rate (cps/volt) 


\ 
Without——"~_ 
nitrogen 


ae ms oe 
Pulse-Height (volts) 


NEUTRON-GAGING SYSTEM (left) rec- 
ognizes prompt N'° gammas in spec- 
trum (above) to measure protein density 
in organic materials. Steep slope of 
background in region of interest dic- 
tates highly stable circuits 
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. .. Vernier Chronotron Simplifies Pulse Timing 


Time-of-flight measurements are fre- 
quently limited by the resolution of the 
timing system. The chronotron, de- 
veloped to improve this resolution, is 
an instrument that measures a time 
interval by establishing the spatial 
positions of two pulses in a transmission 
line ora pair of them (1-3). The figure 
(right) shows an instrument that de- 
parts from these designs to provide 
solutions for the two major recurring 
disadvantages. 

The system causes the two pulses to 
race around two similar loops with 
slightly different delay times (4, 6). 
When the later pulse, travelling around 
the circuit with the shorter delay, 
catches up with its predecessor, coinci- 
dence at the output stops the sequence 
and causes a count to register in the 
proper channel of an analyzer. 


Design 
The 
the following disadvantages of the usual 
chronotron: (1) the requirement of 
separate fast coincidence circuits for 
each of two circuits and (2) limitation 
of the number of usable channels by 
pulse distortions at points where trans- 
mission lines are tapped. By making 
each delay circuit into a loop and 
feeding both loops into the same co- 
incidence circuit both difficulties 

eliminated. 

Figure 1 shows the basic design. An 
initial pulse is fed into the left-hand 
loop through the “start” tube. The 
pulse circulates through the coaxial 
cable and the two-stage regenerative 
amplifier formed by the driver and the 
amplifier. At the same time gating 
circuits make the loop at the right 


vernier chronotron overcomes 


are 


COINCIDENCE INPUT as shown by os- 
cilloscope. Peak of envelope marks 
moment when follower pulse overtakes 
initial one FIG. 2 
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KEY TO OPERATION of vernier chronotron is slight difference in circulation time in 


delay-line loops. 
time it makes a complete transit. 
interval between arrival of pulses 


sensitive to a follower pulse. When it 
arrives it is fed into the right-hand 
loop. 

With the indicated circulating pe- 
riods the follower pulse overtakes the 
initiating pulse at the rate of 1 musec 
per transit. The pulses circulate until 
the coincidence circuit fires and stops 
them. A binary count of the number 
of transits preceding coincidence indi- 
time interval between in- 
sertions of the two pulses—and, as a 
bonus, provides the address for record- 
ing the puise. 

Figure 2 shows the oscilloscope pat- 
tern at the coincidence-circuit input as 
one pulse catches the other and passes 
it. (To make this pattern an external 
kill signal was substituted for the usual 
one so that circulation continued after 
coincidence.) Each of the small pulses 
is really double—one pulse from each 
loop. As they come into coincidence 
the pulse height becomes greater, 
and a discriminator is biased to pass 
only the coincidence-augmented pulses. 
Pulse shapes are controlled by shorted 
lines on the input grids of the amplifier 
stages und operation of the tubes to 
saturation. 


cates the 


Gating 


Fast gates prevent circulation of 
single pulses and the entry of a second 
pulse pair before a previous analysis is 
complete. Gating is controlled by the 
screen grids in the tubes of the circu- 
lating loops. All of these tubes are 


Pulse in loop at right gains 1 musec on pulse in loop at left every 
Number of transits required to catch up gives 


FIG. 1 


secondary-emission pentodes, the circu- 
lating pulses being passed on by their 
dynode stages. 

Gating sequence is as follows: An 
initial pulse comes in, gates on the loop 
driver tube in the follower-pulse loop, 
gates off the start tube in its own loop 
and proceeds through its coaxial cable. 
If no follower pulse arrives, the initial 
pulse stops at the normally off amplifier 
stage. If a follower pulse does arrive, 
the loop driver in the follower-pulse 
loop gates on the amplifier in the initial- 
pulse loop and gates off the start tube 
through which it entered. Both pulses 
then circulate to coincidence. Thus 
the gating makes it impossible for a 
pulse to circulate in either loop without 
a pulse in the other. 

It takes 30 myusec to open each gate. 
Thus, since the circulation time is 300 
muysec, the interval to be measured 
must be >30 musec and <270 musec. 

Stability of the system depends pri- 
marily on transconductance of the 
tubes, signal-transit time in the tubes, 
and properties of the cables. 


Based on a paper presented by H. W. 
Lefevre and J. T. Russell, Hanford Atomic 
Products Operation, General Electric Co., 
Richland, Wash. 
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What’s New in 
Photomultipliers? .. . 
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- - - Spherical Front Ends, Built-In Voltage Dividers 


Du Mont is now incorporating spher- 
ical “‘front ends” to decreass 
time spread. 
curved tube 
with a dome-type top shield, a spheri- 
cal system is approximated. Thx 
Du Mont K1549, a 14-stage linear pho- 
tomultiplier, has such a spherical pho- 
Total transit-time 

when 


transit- 
By employing a fully 


window in conjunction 


tocathode. 
is 4 
photocathode surface. Aces 
the first-dynode region serve to reduce 


spre ad 


myusec using the entire 


lerators in 


the transit-time spread between thi 
first and second dynodes by increasing 


the field strength in the 
dynode one. 


vicinity of 
A focusing electrode in 
the region between dynodes one and 
two deflects secondary electrons leay- 
ing the first dynode onto a useful por- 
tion of the second dynode. To obtain 
high peak pulse currents additional ac- 
celerator grids have been placed be- 
tween the last several dynodes. These 
grids are internally connected to their 


The 6810, first of the commercial 
high-gain, high-speed tubes, has now 
been modified (6810A) by a 
face-plate—flat on the outside 
duce transit-time spread between the 
photocathode and the first dynode. 
Another new short-transit-time tube is 
the 5-in. 7046 with extended 8-11 re- 
sponse and 14 Ag-Mg dynodes. The 
stem has stiff leads and requires no 
base, this results in short, straight and 
parallel output connections. Nearly 
all of the cathode is spherical and the 
grids and associated geometry between 
the cathode and multiplying structure 
are such that good collection is ob- 
tained from the entire cathode. Over 
a 3-in. diameter the maximum transit 
time difference is less than 1 musec. 
For a typical tube the average col- 
lection efficiency is 80%. At the 


curved 
to re- 


associated dynodes and reduce space- 
charge saturation between successive 
dynodes. 

Average electrical characteristics are: 
photocathode-anode voltage: 1,899 
volts; S-11 photocathode 
luminous sensitivity: 60 wamp/lumen; 


response; 


anode luminous sensitivity: 360 amp 
lumen; amplification: 6 X 10° (at 105v 
per stage); equivalent anode dark cur- 
rent input: 2 X 10~-* lumen (max). 
Other Du Mont 
include 8- and 12-in. tubes having flat 
fused 


developments in- 


faceplates of lime glass and 


quartz respectively to reduce back- 
ground from K*° in potassium-bearing 
glasses. 

A new photosensitive surface, cesium 
telluride, provides very low dark cur- 
rent with good ultraviolet response. 

Built-in voltage dividers especially 
designed to give the proper voltage 
distribution for a particular tube are 
now available in the form of a printed- 


Du Mont K1562 5-in. tube has linear 
multiplier structure. Fully curved pho- 
tocathode leads to reduced transit-time 
spread and greater collection uniformity 


circuit capsule potted at the tube base 
the 
either 


or enclosed in evacuated tube 


envelope. In case no more 
than three leads need emerge from the 
base of the tube: two for the positive 
and negative terminals of the power 
supply required to operate the tube, 
and the other for an anode connection. 

Based on a paper by F. W. Schenkel, Allen 
B. Du Mont Laboratories, Clifton, N. J. 


New Tubes and Photocathodes at RCA 


maximum voltage of 3,400 volts, sensi- 
tivities between 400 and 7,000 amp 
lumen are obtained. 

The switch from plane to partially 
spherical cathode surface was also used 
on the RCA-6342 and the RCA-6655, 
which is the same design as the RCA- 
6342 but has higher-gain Cs-Sb dy- 
nodes. The improved 
referred to by the developmental num- 
bers C7164G and C7189B respectively. 
The improvement in pulse-height reso- 


versions are 


lution is typically 20% reduction in 
pulse-width at half-maximum. 

The C7251 is a 
multiplier identical-in design with the 
6810A except for the structure above 
the multiplier cage. 


14-stage photo- 


The focusing elec- 
trode has been made cup shaped to 
better. 
for 


simulate spherical geometry 


The difference in transit times 


photoelectrons leaving various parts of 
the cathode is less than a few tenths of 
a millimicrosecond over nearly all the 
cathode areas. 

Photocathodes. Multialkali (Sb-K- 
Na) cathodes, which were a laboratory 
curiosity at the time of the last sym- 
posium (NU, Apr. ’56, p. 54), are now a 
tube 
(mechanically similar to the 
6810A) and C7261 (10 stages). The 
new multialkalis have the highest red 
sensitivity of any photocathode, yet 


part of developmental 


( 1237 


types 


are superior to the S-11 response in the 
blue region most used for scintillation 
counting. Dark emission is low and 
surface conductivity sufficiently high 


‘ 


to permit operation at —200° C. 


and 
Engstrom, et. al., of RCA, Lan- 


Based on papers by William Widamier 
by R. W 
Pa, 


caster, 
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- - « We’re Reaching for the Micromicrosecond Region 


\ photomultiplier incorporating fea- 
like those in the composite 
illustration at right should have a 
transit-time spread of a few micromi- 
two or three orders of 
magnitude better than any tube avail- 
able at This striking im- 
provement will come from the applica- 
tion of design principles that promise 
to lick the twin bugaboos of spread in 
path length and initial velocity in both 
the photocathode-to-first-dynode and 
interdynode regions. 

The photocathode is made spherical 
and focus rings provided to simulate 
the system of concentric spheres that 
would give truly constant path lengths 
in this region. This sort of system is 
currently being used in the C7251. 
Actual measurement shows a trausit 
time spread under 10~"® sec for 90% of 
In addition the ap- 
plication of voltages of alternating sign 
is shown serves to reduce the effects of 
the spread in initial velocity by rapidly 
accelerating the photoelectrons to a 
high velocity and then decelerating 
them as they approach the first dynode. 

In the multiplier structure itself the 
same accelerate-decelerate principle is 
applied by use of a system of central 
electrodes all at the same high poten- 
tial (these are shown in black in the 
figure). Ina typical system with 200 
volts between stages the central elec- 
trodes might be at 5-6 kv. Electron 
paths in the interdynode region can be 
equalized by designing the structure so 
as to take advantage of the coherency 


tures 


ere seconds, 


present. 


the cathode area. 


Photocathode 





see 


! ' 


ae First dynode 
as 




















Multiplier 
structure 


Two-stage multiplier 
ot each aperture, 





Deflection plates 


Photomultiplier for micromicrosecond region minimizes transit-time spread with 


spherical photocathode geometry and accelerating electrodes. 


Sequencing output 


system can decrease time-resolution requirements of subsequent stages 


from one pair of dynodes to the next. 
That is, if an electron which travels 
over a long path between the first 
and second dynodes travels over a short 
path between the second and third 
dynodes, the net time spread is con- 
siderably reduced. Careful study of 
this question with the aid of “focusing 
diagrams” that show the relation be- 
tween initial and final positions on 
interdynode trajectories makes a net 
spread of the order of a few micromicro- 
seconds seem reasonable. 

Even the dynode-anode region must 
be redesigned to keep transit time to a 
minimum. In one of the two output 


systems being considered, the output 
electron beam passes at high velocity 
through a screen-grid directly onto the 
terminus of a transmission line. The 
other output system, which is the one 
shown in the figure, provides means for 
making the initial time selection within 
the tube. The output electrons are 
formed into a beam that is deflected 
sequentially into each of ten 2-stage 
multipliers. This time-selecting sys- 
tem cuts down the time-resolution re- 
quirements of the outputs by ten. 


Based on a paper by G. A. Morton, R. M. 
Matheson and M. H. Greenblatt, RCA Labo- 
ratories, Princeton, N. J. 


. « « Fatigue of Photomultipliers Is Less of a Mystery 


\ major installation such as the 
Savannah River Laboratory has many 
hundreds of photomultipliers in regular 
service. This makes 
of photomultipliers— 
in gain with use—a 


industrial-type 
the “fatigue” 
their variation 
subject of major interest. 

More than 100 photomultipliers, 
principally Du Mont 6292’s and RCA 
and 5819’s were studied for 
periods of at least a week in an attempt 
to learn something about fatigue. 
Since fatigue is a current-associated 
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6655's 


effect, the last dynode, which carries 
the heaviest current, is first affected. 
For anode currents of the order of 
1 pa and at room temperature (fa- 
tigue effects are temperature-depend- 
ent though not temperature-induced) 
peak-to-peak change in gain was of the 
order of 15%. For anode currents of 
the order of 0.1 wa the change is only 
1%, and damage is restricted to the 
finaldynode. Detailed effects are com- 
plicated and vary from tube to tube. 

A plausible explanation for fatigue 


effects is that incident electrons dissoci- 
ate surface molecules releasing Cs that 
can then diffuse off the surface. 
Depending on the intitial Cs concen- 
tration and the shape of the gain-per- 
stage vs cesium-concentration char- 
acteristic, the gain will increase or 
decrease. Temperature and time also 
enter as factors since they also lead 
to changes in the surface character and 
the effect of current thereon. 


Based on a paper by L. Cathey, Savannah 
River Laboratory, Aiken, S. C. 


59 





What’s New in 
Counters? ... 


SCINTILLATION 
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. - « Scintillation Track Chambers 


Filaments drawn from plastic phosphors function simultaneously as detectors 


and light pipes. 


a nuclear event in three dimensions. 


By GEORGE T. REYNOLDS 
Princeton University 
Princeton, New Jersey 


VIEWING THE TRACK of an ionizing 
particle in a solid scintillator has been 
discussed by various workers practi- 
cally from the time that the usefulness 
of scintillation counters became appar- 
ent. Recent developments in the 
preparation of plastic-scintillator fila- 
ments (1) has led to renewed interest. 

The filaments operate as both 
scintillators and light pipes. By plac- 
ing them in a crossed rectangular array 
and then viewing their ends it is possi- 
ble to produce a stereoscopic view of a 
nuclear event. 

The system has several advantages 
over the propane bubble chamber. Its 
principal disadvantage is the small 
amount of light produced. This leads 
to the necessity of very efficient optical 
systems and the use of an image intensi- 
fier with a gain of ~10°. 


Advantages 


The light-piping action of filament 
arrays has already been demonstrated. 
If one is placed between a radioactive 
source and a photographic film, the 
result is an image of the source much 
more intense than from a similar 
arrangement with a solid scintillator in 
place of the array of filaments. 

Actual operation of a scintillation 
chamber requires improved image in- 
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tensifiers. Already, however, we have 
placed a 144 X 1144 X 234 in. 
in front of a medium-gain image tube 
and followed the motion of a weak Co® 
source on a kinescope fed by the 
orthicon output of the tube. Inter- 
actions in carbon should be distin- 
guishable from those in hydrogen be- 
cause the range of the secondary 
particles from the carbon interaction 
will be short and restricted to the 
filament in which the interaction oc- 
curred thus producing a relatively 
brighter output. Such a distinction is 
not as reliably made with a propane 
bubble chamber. 

Other potential capabilities are: 
® Fast-timing resolution. The cham- 
ber can be used as one element in a fast 
multiple-coincidence system permitting 
the selection of events of interest either 
externally or internally (2, 3). It can 
also act as a counter in the determina- 
tion of its own visual sensitivity. 
* Topologically complicated configura- 
tions can be evolved. One can collect 
on one tube the information from 
spatially separated regions. 
* Data storage. Events can be ana- 
lyzed and then accepted or rejected 
in 0.1-100 wsec. Whereas the bubble 
chamber must deal with postexpansion 
tracks, the scintillation chamber, with 
suitably gated phosphors, can decide 
after the event whether recording 
should be completed. It is readily 
adapted to magnetic tape storage of 
all information obtained. 
* Rapid repetition. 104 or more pic- 


array 


From two views of a rectangular array one can reconstruct 


Image intensification is necessary 


tures per second can be obtained. 
®Favorable signal-to-noise ratio. A 
minimum ionizing particle supplies, for 
the filaments affected, about 2,000 
photoelectrons/em*. The cathode 
noise is about 5,000 electrons/cm?/sec. 
The track signal is obtained from a gate 
of ~5-usec duration. Thus the signal- 
to-noise ratio is approximately 2000/ 
(5000 X 5 X 107°) = 4 x 104. 


Scintillator Filaments 


Early in 1954 several members of the 
Elementary-Particles Group of Prince- 
ton University considered thin fila- 
ments of plastic scintillators as a 
means of removing the depth-of-focus 
restrictions inherent in earlier single- 
The 
basic idea is shown in Fig. 1. The 
crossed arrays of filament scintillators 


crystal track cameras (2, 3). 


Inorganic Filaments? 


The simple nuclear constitution 
of the plastic scintillator (C and 
H) is an advantage in many appli- 
cations. However, several other 
materials are currently being con- 
of the 


higher scintillation efficiency of 


sidered. In view much 
CsI, some effort is being devoted 
to the preparation of long crystals 
The possibility 
of using glass filaments according 


of this material. 


to an original suggestion of George 
Morton is again suggested by the 
recent work of Egelstaff (9) and 
Ginther (10). has also 
suggested the use of Nal filaments. 
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Morton 





ament array 


FIG. 1. 


particles traversing it. 


are viewed by two image intensifiers, 
one for each direction. 

Light caused by passage of a charged 
particle through a filament is piped 
by internal reflection to the end of the 
filament (4). Thus, a particle moving 
through the array causes the filaments 
traversed to emit light at their ends. 


Since optics problems are restricted to 


a plane source, the depth-of-focus 
problem is eliminated. The two or- 
thogonal views provide the basis for 
three-dimensional reconstruction. 

Filament preparation. The ease 
with which plastic scintillators can 
be prepared in the form of long thin 
filaments has led to the successful 
construction of several scintillators of 
this material. The filaments are pre- 
pared by melting polymerized plastic 
scintillator material (polystyrene, 3% 
terphenyl, 0.1% POPOP) at about 
200° C, and then continuously drawing 
out a filament at a speed to yield a 
diameter of ~1 mm. At one time, 
approximately 2,000 yards of plastic- 
scintillator filament was collected from 
a very modest apparatus set up in our 
laboratory. The diameter can be 
varied fairly easily between 0.5 mm 
and 1 mm by adjusting temperature 
and speed. 

We chose 0.7 mm for the first con- 
figurations tested. Extensive work on 
filament optics (4) has shown that the 
effectiveness of light piping is not 
affected by gradual changes in the 
shape of the filament cross section. 

One serious problem with plastics is 
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Rectangular array of crossed plastic-scintillator fila- 
ments (left) permits reconstruction of trajectory of high-energy 
Light generated in filaments through 


Multistage image amp 


that of surface crazing. In the prepa- 
ration of these filaments we have taken 
care to prevent vapors, oils, skin, 
etc., from coming into contact with the 
surface. These factors are known to 
enhance crazing. If very-small-diame- 
ter filaments are used, many internal 
reflections are necessary to pipe the 
light to the end, and the cumulative 
effect of even slight crazing is serious. 

Another important question in the 
application of these filaments to large 
particle detectors is light absorption. 
Preliminary measurements at the 
Rochester Institute of Optics indicate 
that 50% optical absorption at 4,400 A 
occurs in 20 cm of filament (4). 
One can expect large variations in this 
figure due to the effects of crazing, 
but these preliminary results are 
encouraging. 

Phosphor efficiency. Pulse heights 
from filamentary and solid samples 
were compared by placing them on a 
6342 photomultiplier and recording the 
distribution resulting from the 624- 
kev electrons from Cs'*’._ Results are 
shown in Fig. 2. It is seen that the 
pulse height from the filament counter 
is about 54% that from the solid 
counter. The difference can be ex- 
plained by the light-piping action. 
The index of refraction of the plastic 
scintillator is 1.59. Consequently, only 
about 19% of the light is piped by 
internal reflection in one direction. 
(This fraction can be increased by 
arranging a reflector at the end of the 
filaments opposite to the photomulti- 














which particle passes is piped out to ends where mutistage 
image amplifier boosts signal for recording by camera. 
of two faces permit three-dimensional reconstruction of event 


Views 


plier, but this was not done in the 
present case.) 

Previous experience indicates that 
~35% of the light is collected in the 
arrangement used for the solid plastic 
sample. Thus the expected ratio of 
pulse heights is 1%, = 0.54, as ob- 
served. Uncertainties in the 35% 
figure prevent us from concluding that 
the remelting has had no effect. 

How many photons? On the basis 
of these results one can determine the 
number of photons appearing at the 
end of the filament due to the passage 
of a minimum-ionization particle. For 
a 1-mm filament diameter the average 
path normal to the axis is 2/r mm. 
The density is ~1 gm/cm* so the 
amount of energy lost by a minimum 
ionization particle is (2/r) X 1 X 2 X 
10* = 1.3 X 10° ev. The number of 
electron volts per photon in a plastic 
scintillator is generally accepted as 
being about 130 ev/photon. Thus the 
number of photons released by the 
particle is (1.3 X 10°)/130 = 10%. Of 
these 19% are piped to the end and 
there distributed over (7/4) X 107? 
sq.cm. Thus the number of photons 
per sq. cm. is 10° K 0.19 X (4/mr) X 
10? = 2.4 X 104. 

To allow for possible effects from 
remelting and the uncertainty in the 
35% light-collection figure used to 
evaluate performance, we conclude it 
is safe to say that 2 X 10‘ photons/cm? 
result from the passage of the particle. 
The number of photons per filament 
increases with the diameter of the fila- 
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FIG. 2. 


same size. 


ment, but the end area increases with 
the square so that the intensity goes as 
the reciprocal of the diameter. Thus 
thicker filaments are undesirable from 
this standpoint. 

Filament scintillator 
been prepared with the 
dimensions: 3¢-in. diameter and lengths 
of 7%, 1 and 2 in.; 
in. length and 114 X 114-in. square 
cross section, 234-in. length. , 


Scintillation Chambers 


We have just seen that the passage 
of a minimum-ionization particle nor- 
mal to the axis of a filament results in 
the emission of 2 X 10‘ photons/cm? 
at the end of the filament. One of the 
most sensitive films available is the 
Eastman Kodak Royal X Pan, which 
requires approximately 7.7 10’ pho- 
tons/em? for a developed density of 
0.1. 

Consideration of minimum contrast 
for a scintillation-chamber picture 
indicates that a minimum of 16 X 10’ 
photons/em? is Thus a 
gain of 104-10° is required in the 
intensity available from the filaments. 

The application of image intensifier 
tubes to the problem at once suggests 
itself. Such tubes have been known 
for some time (6, 
limited to much 
than required here. 

The principle of the device is as 
follows: About 10% of the photons 
falling on a cathode result in secondary 
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arrays have 


follow ing 


2-in diameter, 34- 


necessary. 


ry 


7) but generally 
intensification 


less 


Pulse heights from filament array are smaller than from solid scintillator of the 
Losses in light piping explain the difference 


electrons. These are accelerated and 
focused, either 
magnetically, on the phosphor in such 
The 
accelerating voltage is ~10 kv, so that 


electrostatically or 
a way as to preserve the image. 


each electron gives rise to many pho- 
tons from the phosphor. Gains of 
~30 in the number of photons have 
been achieved for a single stage. If 
the size of the image is reduced by the 
focusing, this further 
intensity gain for the present purposes 
so long as the intrinsic space resolution 


represents a 


of the recording device exceeds that 
of the filament array. 

To achieve the large (10°) gain that 
is found desirable it is necessary to 
provide several stages of intensifica- 
This can be done by cascading 
single with optical 
coupling, or by utilizing multistage 


tion. 
stages suitable 
tubes, containing successive cathode- 
backed phosphors in a single envelope 
with focussing. In either 
case the final phosphor can be followed 
orthicon or 
photographic recorder. 
Gating. For the tube to be useful 
in a fast-particle-track-imaging appli- 
cation a suitable gating feature must be 
somewhere after the first 
This is to provide the 
possibility that a track- 
recording sequence can be held off or 


suitable 


by an image suitable 


included 
phosphor. 
complete 


allowed depending on the information 
supplied by auxiliary counter circuits 
after the event of potential interest. 
Thus it should be possible to decide 


up to 10-7 sec after the passage of a 


particle whether or not to record the 


event. 

If the decision is to record, the signal 
should be extracted from the tube in a 
few microseconds. Such an arrange- 
ment could be achieved by a phosphor 
lifetime fol- 
lowed by a photocathode gated by a 


of several microseconds 


grid. This gating arrangement has 
already been incorporated in certain 
single-stage tubes. In of the 


nonexponential decay of certain phos- 


view 


phors consideration must be given as 
to where in the intensification process 
the storage phosphor should be put in 
order to minimize background pile up. 
In view of the proposed application 
of the tube to filament 
sufficient over-all resolution 


chambers, 

must be 
available to allow reasonably sharp 
space reconstruction of particle paths. 
For this purpose it is necessary that 
the image-intensifier system be able to 
resolve two adjacent uniformly illumi- 
nated filaments each 0.5 mm in diame- 
ter. 
is the possibility of using glass ends 


One of the most promising leads 


made up of light pipes on both ends 
of the image intensifier. This gives 
good resolution through thick sections. 
When this is done, the gain required 
can be achieved by cascading single- 
stage units, each unit being much 
simpler to produce than a multistage 
unit of the same over-all gain. Ac- 
count must be taken of the rather high 
optical losses in the light-pipe windows, 
which are at least 60%. In view of 
this optical 
schemes have been proposed including 
a regenerative scheme (8). In evalu- 
ating light losses at an interface involv- 
ing the scintillating filaments, 
should keep in mind that light is prob- 
ably directed forward more sharply than 
predicted Law. This 
is currently being further investigated. 


loss _ several coupling 


one 


by Lambert’s 
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Attenuation of y-Rays from an Infinite Plane 


t By M. G. CHASANOV and 
in. Cm _ MM. SHATZKES 
Applied Research and Advanced 
80 200 Development 
International Business Machines Corp. 
60 Owego, New York 


Fork AN INFINITE PLANE source of 
gamma rays the attenuation factor 
¢/» for materials other than lead is 
given by 
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where E,(6) is a form of the exponential 
integral (1). In the case of lead, the 
factor is 
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This nomogram solves Eq. 1 for ele- 
ments other than lead and for gamma- 
ray energies to 3 Mev. For lead, one 
can readily determine the attenuation 
from Eq. 2. 

To calculate attenuation of gamma 
rays from an infinite plane source, it 
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is necessary to have values for the 
linear absorption coefficient uw. The 
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linear absorption coefficients can be 
obtained from curves (2) or tables (3) 
of mass absorption coefficients by 
multiplying by the density of the shield 
material. 

For a shield thickness ¢, a quantity b 
is defined as 6 = wt. For most ele- 
ments other than lead, the value 1 + } 
for gamma energies up to 3 Mev (2) 
can be used as an approximation for 
the buildup factor B. 
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Example 


Problem: How thick must an iron 
shield be to attenuate the gamma rays 
from an infinite plane source by a fac- 
tor of one-tenth? 

Procedure: Employing the linear 
absorption coefficient for iron given by 


Oo 
oO 
> 


O 
wl 


Glasstone (3), « = 0.27 cm™~', draw a 
line from yw = 0.27 through $/¢» = 
—0.1 and read on the ¢ scale the value 
6.9 em. 
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Eight Reactor Types— 


Variations in turbine design, operating pressures, feedwater conditions 
and other design parameters make it hard to compare reactor types. 


This study adjusts them all to a common basis for a comparison of efficiencies 


By S. BARON B irns and Roe, Ne u York, Ne w York 
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TABLE 1—Thermodynamic Efficiencies of Nuclear Power Plants* 


Adjusted turbine-throttle 
steam conditions 
Net plant Over-all 
heat rate efficiency 
(108 Btu/kwh) (%) 


Turbinet Auziliary 
heat rate power 
10° Btu/kwh) %) 


Generator 
Pressure 


(psig) 


Temperature output 


(°F) (Mw 


10.5 10.: 
12.5 10.¢ 


EBR-2 
LMFR 


1,265 850 Li] 


1,265 900 


SGR 

EBWR 
HRE-2 

PWR 

OMR 
Calder Hall 


865 825 
600 186 
600 486 
600 486 
430 550 
215, 65 


8 


600, 372 


10 
11 
1] 
12.: 
12. 


16. 


SRSSBRS 
NR OON@O@— 


* Basis to which actual parameters are adjusted for this comparison: reactor heat, 300 Mw; three feedwater heaters; 
condenser pressure, 1.5 in. Hg; tandem-compound triple-flow 3,600-rpm turbine. 
+ Turbine heat rate, which is proportional to the reciprocal of steam-cycle efficiency, is the heat generated in the 
reactor divided by the turbogenerator output. 
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A Thermodynamic Comparison 


THE basic thermody- 
namics of their power cycles is an 
but frequently neglected 
way to compare reactor types. The 
eight most advanced reactor types* 
are compared here in terms of power- 
cycle efficiency, auxiliary power re- 
quirements, feedwater heaters and 
temperatures and over-all efficiency. 
Design parameters of operating proto- 


ANALYSIS OF 


important 


types have been scaled so as to be 


properly comparable. 
The cycle arrangements of the eight 
types are shown in the figures on this 


he actual plants used as a basis for 
comparison are: Experimental Boiling 
Water Reactor (Argonne National Labora- 
tory); Pressurized Water Reactor (Ship- 
pingport, Pa.); Homogeneous Reactor Test 
Oak Ridge); Sodium Graphite Reactor 
Hallam, Nebraska); Organic Moderated 
Reactor (Piqua, Ohio); Liquid Metal Fuel 
Reactor (Brookhaven design in 1955 
Geneva Conference Proceedings); Experi- 
Breeder Reactor-2 (Idaho Falls, 

: Calder Hall (England). 


mental 


Idaho 


FAST BREEDER 














spread along with the temperature and 
pressure conditions attributed to these 
cycles at the time of writing (1957). 

On the basis of my assumptions, 
liquid-metal-cooled reactors have the 
greatest steam-cycle efficiency and gas- 
cooled reactors the smallest. Boiling- 
water reactors require the least auxil- 
iary power. The best over-all efficiency 
is that of a fast breeder using three 
feedwater heaters—33.1 %. 


Over-All Efficiencies 


Frequently, the costs of nuclear 
power are based on the turbogenerator 
output. Actually the figures should 
be based on the net power available 
for sale, after deduction of auxiliary 
power requirements, which, as will be 
shown, can be 17% of gross output. 

Table 1 tabulates the net plant heat 
rates of the eight reactor types con- 
sidered. Of the water-cooled reactors, 
the over-all efficiency of the boiling- 


water type is best because of its low 
auxiliary power requirements. 

Of the liquid-metal-cooled reactors, 
the high auxiliary power of LMFR 
penalizes its thermodynamic advan- 
tage to make it comparable to SGR. 
EBR-2 still has the best efficiency even 
though its auxiliary power is high. 

Gas-cooled Calder Hall has the 
poorest over-all thermodynamic effi- 
ciency because of both poor steam 
conditions and high auxiliary power. 


Steam-Cycle Efficiencies 


Table 1 also shows the results of a 
comparison of the efficiencies of the 
steam cycles. In arriving at these 
results it was necessary to recognize 
that published efficiencies are not a 
valid basis for comparison because of 
the variation in design parameters 
such as turbine size, condenser pres- 
sure, number of regenerative feed- 
water heaters, actual turbine design 


GAS COOLED 


Steam 215. psia 





























and final feedwater temperature. To 
compare these reactors on a common 
basis and determine the effect of the 
turbine steam conditions, it was neces- 
sary to calculate their power-con- 
version efficiencies. 

Assumptions. For all cases the heat 
supply was assumed constant at 300 
Mw. The turbine-effi- 
ciency curve is used for all the calcu- 
lations with 
for steam volume 


exhaust losses and 


same basic 


appropriate corrections 
flow. 


moisture 


superheat, 
content. 
Condenser pressure is assumed con- 
stant at 1.5 in. Hg absolute. The 
turbine type is a tandem-compound 
triple-exhaust flow unit at 3,600 rpm. 
In each case I assumed three feedwater 
heaters with a final feedwater tem- 
perature of 300° F. 

All the reactor types show a turbine 
heat rate about 1,000 Btu/kwh lower 
for three feedwater heaters than for a 
cycle without such heaters. As dis- 
cussed later, other factors connected 
with steam generator design may make 
the higher feedwater temperature un- 
economical, but 
the gain is appreciable. 

Water-cooled reactors. 
ized-water, boiling-water and aqueous 


thermodynamically 
Pressur- 


homogeneous reactors were all assumed 
to generate saturated steam at the 
same pressure. (Actually 
small variations among the prototypes, 
PWR, EBWR and HRE-2.) A mois- 
ture separator was considered in the 
calculations of the turbine efficiencies 
to prevent the moisture content from 
increasing above 12%, would 
give a highly erosive condition in the 
turbine. 

A dual cycle with part of the steam 
generated at lower than 600 psig will 
result in a poorer turbine heat rate. 


there are 


which 


However, this loss can be eliminated 
by generating primary reactor steam 


at pressures above 600 psig, as is done 


in the Dresden reactor. 
Organic-moderated design. OMR 
is less efficient than saturated-steam 
units because of lower steam pressure. 
Increasing steam pressure and tem- 
peratures to values shown for water- 
cooled reactors would give this reactor 
type the same cycle efficiencies. There 
is nothing inherent in the OMR design 
that prohibits the use of higher steam 
pressures for thermodynamic gain. 
Liquid-metal-cooled reactors such 
as SGR, LMFR and EBR-2 all give 
power-cycle efficiencies near the aver- 
age for present-day conventional power 
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plants. The variation in steam con- 
ditions reflects the extent of the devel- 
opmental work at the time of the 
specific reactor design. In time all 
three liquid-metal-cooled types should 
be capable of producing about the 
same steam conditions. 

Gas-cooled reactor. Calder Hall 
has the poorest steam-cycle efficiency. 








Temperature 


/ Feedwater 


«enters 











Uistance 


PINCH POINT limits improvement in 
efficiency available by lowering coolant 
inlet temperature. Curves show tem- 
peratures of reactor coolant and sec- 
ondary fluid as they flow through heat 
exchanger in opposite directions 


This is due to the rather low steam 
pressures developed for power gen- 
eration. In the advanced versions of 
this reactor type, steam pressures have 
been increased to produce efficiencies 
comparable to those of water-cooled 
reactors. 

In actual practice, of course, opti- 
mum steam conditions for all reactor 
types are determined by balancing 
higher capital cost in heat exchangers 
and other accessories against thermo- 


dynamic gain. 
Auxiliary Power 


Frequently little attention is given to 
auxiliary power requirements when dis- 
cussing the merits of various reac- 
tor types. 


steam pressures and temperatures in- 


Thermodynamically higher 


crease the electrical generation for the 
same heat output of the reactor, but 
this greater pumping 


power for 


requires 
the feedwater 
the gain is not as great as 


also 
pumps, so 
might be 
expected. 

Coolant properties and heat-removal 
arrangement have an appreciable effect 
on auxiliary power demands and, thus, 
net power available for transmission. 
To appreciate better the relative mag- 


nitude of auxiliary power requirements 
for the reactor types of our figures the 
in Table 2 
It is based on the steam conditions and 
The 
water type was used as the base case. 
The 


feedwater- and cooling-pump require- 


summary was developed. 


cooling cycles shown. boiling- 


only variables considered were 
All other power requirements 
Coolant 
rates and heads were based on 
published literature, flow 


justed to the same electrical output. 


ments. 
were considered unchanged. 
flow 
with ad- 
Where pressure drops were lacking, 
pumping heads of related reactors were 
used and, if necessary corrected for 
velocity and core length. 
Boiling-water reactors have the low- 
est auxiliary-power requirements be- 
cause the condensate pump, common 
to all cycles, also serves as reactor 
pump. In the dual cycle 
arrangement of the boiling-water re- 


coolant 


actor, the auxiliary power is increased 
approximately 0.5% owing to forced- 
circulation pump power requirements. 
Of the water-cooled reactors, the pres- 
surized-water type requires the greatest 
coolant-pumping power because of the 
high water velocities necessary for heat 
removal in a relatively small reactor. 
The organic-moderated reactor, which 
is comparable in size to the water- 
cooled, has even greater pumping re- 
quirements because of the poorer heat- 
transfer properties of the coolant. 
Liquid sodium is an excellent reactor 
coolant, but it also has a low specific 
heat. Therefore, the pumping re- 
quirements for sodium greater 
than for water at the same velocity 


are 





TABLE 2—Auxiliary Power 
Requirements 


Power required* (%) 


Coolant Feedwater 
pump 


Reactor pumps Total 


10.! 


Calder Hall 13 


* Other auxiliaries are assumed to require 
of the output in every case. 
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TABLE 3—Feedwater Conditions of 
Reactor Prototypes 


Final 
See d- 
water 


Steam 


conditions 


Tem- No. 

pera- of 
ture heat- 
( F) ers 


lem- 
Pre R= 


sure 


pera- 
ture 
Reactor (psia) (°F) 
PWR 

EBWR 
HRE-2 520 
SGR 815 
OMR 430 
LMFR ,265 
EBR-2 


Calder 


620 


615 


325 
110 
(sat.) 180 
825 < 300 
550 ; 337 
900 j 475* 
,265 850 450 
200 590 100 
53 340 


(sat.) 


(sat.) 


Hall 


* Proposed in advanced design. 





and temperature. Some attempt is 
made to reduce pumping power by 
designing for larger temperature rises 
However, the extent 


of the rise must be limited by the 


in the reactor. 
thermal stresses that develop. Over- 
all pumping-power requirements are 
increased even further by use of two 
sodium or NaK circuits in series in 
order to separate radioactive sodium 
from the steam circuit. 

Fast reactors, since they have high 
power densities, require exceptionally 
high coolant velocities and even more 
pumping power. 
reactors of the Calder 
Hall type have very high auxiliary- 
power demands because of poor heat- 


Gas-cooled 


transfer properties and low density of 
the CO. coolant. Finned fuel-element 
design improves heat transfer but also 
increases head losses. Pumping the 
gas under high pressures will decrease 
the pumping requirement, but the re- 
quirement is still appreciable. 

The feedwater-pumping powers of 
the various cycles all reflect to a major 
extent the greater head requirements 
necessary for the higher steam pres- 
A smaller effect, which reduces 
the feedwater pumping power some- 


sures, 


what, is the reduction in the feedwater 
with 
namic efficiencies. 


flow rate higher thermody- 
However, this gain 
is far outweighed by the pressure 
consideration. 


The 


water-circulation 


the condenser 
pumping-power re- 
quirements with the higher efficiency 
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reduction in 


this 
power requirement is generally about 


cycles was neglected because 
l¢o of that of feedwater or coolant 


pumps. 


Feedwater Temperatures 


In conventional boilers high final 
feedwater temperatures increase the 
heat-sink temperature, thereby re- 
quiring either more surface in the 
boiler or greater heat loss in flue gases. 
Generally, high fossil-fuel costs have 
justified the greater investment in sur- 
face for feedwater heaters and boilers 
in return for improved efficiency with 
the thermodynamic optimum in final 
feedwater temperature. 

In nuclear power plants, all the heat 
generated in the reactor is available 
for steam generation. However, the 
steam temperatures obtainable depend 
on the maximum permissible coolant 
temperature. Heterogeneous fueled re- 
actors, designed with uranium metal, 


How About Superheat? 


constant coolant velocity is to lower 
inlet coolant temperature. However, 
this reduces maximum possible steam 
pressure, thereby decreasing steam- 
cycle efficiency. This phenomenon 
results from the so-called “pinch 
point,” which is the minimum tem- 
perature difference between coolant 
and generated steam. Lower coolant 
temperature at the reactor inlet also 
requires a lower final feedwater tem- 
perature, which decreases the regen- 
erative eycle efficiency. The figure on 
page 66 shows the temperature trav- 
erse in the steam generator with 
two values of temperature rise in the 
reactor. 

Heat output of the reactor can be 
increased by increasing the circulating 
rate of the coolant. However, part of 
this gain is lost either in the greater 
pumping requirements for a fixed core 
size, or in the increased reactor size for 
a fixed velocity. 


Oil-fired superheaters have been proposed and are being installed in 


saturated-steam units to increase the steam-cycle efficiency. 


Super- 


heat is desirable since it decreases the erosive effect of moisture in the 
exhaust steam and also gives higher thermodynamic efficiencies. In 
this case turbine heat rates include the heat output of the superheater 


as well as the reactor. 


The table below shows that an appreciable 


improvement in cycle efficiency is possible with superheated steam. 


Pressure (psia) 

Temperature (°F) 

Generator output (Mw) 
Turbine heat rate (10° Btu/kwh) 


are limited in fuel temperature by the 
solid-state phase change at 1,220° F 
which produces fuel-element distortion. 
Taking into account the temperature 
drops through the generally poorly 
conductive fuel and its cladding, maxi- 
mum coolant temperature obtainable 
would not be much greater than 
1,000° F. 

A secondary limitation on maximum 
coolant temperature is the availability 
of structural 
highly radioactive and usually corro- 
environment. For 
this reason even homogeneous liquid- 
metal limited in their 
maximum permissible temperature. 

With these metallurgical require- 
ments limiting maximum coolant tem- 


materials to stand the 
sive reactor-core 
reactors are 


perature, one method of increasing the 
heat generation for a fixed core size at 


Saturated 


600 


Superheated 


circumventing the 
“pinch point” limitation would be to 
generate the steam at a number of 
increasing steam pressures, as in Calder 
Hall, so that the low-level steam tem- 
peratures could be utilized by admis- 


One way of 


sion to the lower-pressure stages of the 
turbines. 
such a procedure must be balanced 
against the increased cost of the steam 
generator. 

Table 3 reviews the actual final feed- 
water temperature of various reactors 
and indicates an appreciable spread in 
values, all, presumably, economically 
evaluated. 


The thermodynamic gain of 


* * * 


I would like to acknowledge my appreciation 
to the Burns and Roe Thermodynamics Section 
under Mr. I. Gabel’s supervision for assist- 
ance on detailed calculations of steam-cycle 
efficiencies. 
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On Dec. 2, 1957 Argonne reactor engineers walked into the EBWR 


control room and proceeded to do something unheard of in power 


reactor circles—they turned on a reactor designed to run at 20 


Mw (th) and deliberately ran the power up to 46 Mw(th). 


Since 


then, without any changes in reactor design, EBWR has been pushed 
to a record of 62 Mw (NU, April '58, 25), more than three times the 


original design output. 
EBWR's power cost (see box) by an impressive 40%. 


This new power level automatically reduces 


One of the 


men with primary responsibility for the job explains the engineering 


magic that enabled Argonne to pull three reactors out of the hat 


where only one went in. 


Upping EBWR’s Power 


By JAMES A. DeSHONG, Jr. Argonne National Laboratory, Lemont, Illinois 


THE ORIGINAL POWER RATING of 20 
Mw(th) for the Experimental Boiling 
Water Reactor (EBWR) 
mined from considerations of reactor 
stability rather than heat-transfer 
limitations. At the time EBWR was 
built experience with the existing boil- 
ing-water reactors could guarantee op- 
erational stability only for power den- 
sities (void those 
corresponding to 20 Mw(th) operation. 
Early EBWR 
showed that this limit was conserva- 
tive and that the plant might have 
reserve. For 


was deter- 


volumes) up to 


operating experience 


considerable 
this reason the first major experimental 
effort was to determine the maximum 
stable operating power for the first core. 

The program was divided into four 
parts: First extensive power-response 
measurements were made with a re- 
activity oscillator at powers up to 
20 Mw. Then an expression for the 
power-to-reactivity feedback transfer 
function was chosen that gave the best 
fit to the data. The transfer function 
was extrapolated to higher powers and 
was examined theoretically for stability 
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power in 


in the region of 40 Mw(th). Finally, 
after minor preparations for the larger 
heat removal, the reactor was taken 
up to the proposed new power level. 
In the process, a good theoretical 
model of the reactivity feedback loops 
and a method for predicting stability 
of boiling-water reactors at higher 
power levels have been developed. 


Oscillator Measurements 


As stated, the first phase of the pro- 
gram was to measure the reactor power 
transfer function* as a function of fre- 
quency for different values of power 
parameters within the limits pre- 
scribed by the safeguards report (1). 

The power transfer function, P;, can 
be written simply as the zero-power 
function G modified by the power-to- 
reactivity feedback, H, 

G _ flux output 


2 = 
, = 


1+GH, _ reactivity input 

* Transfer function as used here is de- 
fined as the amplitude and phase relation 
of the sinusoidal variation in flux or power 
output with respect to the sinusoidal reac- 
tivity input (driving function). 











Phase (degrees) 








l io 102 
Frequency (radians/sec) 


FIG. 1. Zero-power transfer function 
measured as function of reactivity oscil- 
lator frequency. Gain ordinate is 
equal to 20 log (N,Sr/N.6K,) where 
N,/N. is fractional power variation 
caused by fractional reactivity input 
amplitude 5K, and £; is total delayed 
neutron fraction. Phase ordinate gives 
phase of N, with respect to 4K,. 
Smooth curve was predicted from 
theory 
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G and H, are frequency dependent and 
H, also depends on reactor power 
parameters. Several techniques can 
be used to determine the stability of 
the operating mode represented by P, 


y) 


vv}. 

P, could be calculated and stability 
predicted if H, were known. How- 
ever, H, is difficult to determine from 
thermodynamic data, and _ specific 
measurement of the open loop is not 
feasible. The method used was to 
measure P,; and calculate H, using 
Eq. 1. 

The first experiment measured G 
that is, P The ex- 
perimental points are compared with 
the theoretical curve in Fig. 1 (8). 

During this phase work was done to 


at zero power). 


devise a theoretical model to explain 
the experimental results and to guide 
further measurements (6, 7). A sim- 
plified power-to-reactivity feedback 
diagram of the model chosen for 
EBWR is shown in the box on p. 71. 
Each H in the figure is a transfer- 
function representation of a 
effect. 

Investigation of EBWR 
effects indicated that at frequencies 


power 
pressure 


in excess of 2 or 3 radians/sec the 
pressure feedback loop H, can be neg- 
lected, leaving only the power void 
loop H, since feedwater input C is held 
Preliminary tests without 
automatic pressure control showed that 
the frequency of maximum resonant- 
peak in excess of 5 
radians/sec, so that the peak response 
is almost independent of pressure varia- 
tion. System stability, which can be 
expressed in terms of this peak re- 
sponse, can then be determined without 
automatic pressure control by using a 
reactivity driving function at A and 
measuring the flux nv. 

For high frequencies H becomes very 
small (since the power feedback can no 
follow fast enough) and P 
Thus very accurate 
measurements are needed to calculate 
H for this frequency region. 

The reactivity forcing function was 
generated by a special rod drive that 
replaced the regular central-control- 
rod drive. A variable-displacement 
bell crank was driven by a combination 
of mechanical and hydraulic trans- 
missions to cover a frequency range of 
0.01-25 radians/sec. The connecting 
rod was very long compared with crank 
displacement; therefore, the control 
rod stroke was an accurate sinusoid, 
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constant. 


response was 


longer 
approaches G. 





Lowering EBWR Power Costs 


In raising EBWR’s power from 20 Mw to 60 Mw Argonne engineers 
effected what is without doubt the most sudden and drastic improve- 
ment in power costs yet seen by the industry. Last summer EBWR’s 
designers reported a total power cost of 52 mills/kwh at its design power 
of 20 Mw(th) (see table and NU, July °57, 52). Now that the original 
investment can be charged against a factor-of-three greater power out- 
put, all costs per kwh with the exception of fuel costs will decrease to 
roughly one-third of their former value. As shown in the second col- 
umn of the table (which includes some additional investment for the 
extra power-generating equipment necessary to operate at 60 Mw) the 
new power cost comes to 32 mills/kwh. The breakdown of this figure 
in the table indicates that almost 70% is chargeable to fuel; thus, any 
future improvement in fuel cost will significantly reduce the total cost. 


The last column in the table refers to a proposal for a 240-Mw mul- 
tiple unit plant made by J. M. Harrer, EBWR Project Manager. The 
plant would consist of four 60-Mw(th) reactors with assumed total 
electrical output of 60 Mw(e). The costs shown are based on lowered 
fuel-fabrication cost due to the factor-of-four increase in volume, and 
on a 10,000-Mwd/ton fuel burnup obtained by a small increase in en- 


richment. The 12-mills/kwh figure is attractive, even today. 





Capital 

Operation and maintenance 
Fuel fabrication (initial) 
Uranium rental 


Fuel burnup (2,000 Mwd/ton) 
Annual fabrication 


Totals 


t $4,628,100 (~$1,000/kw) at 15%. 





20 Mw 


* Cost-basis plant factor is taken as 80%. 
+ Construction cost $300/kw installed capacity, annual charge at rate of 15%. 


EBWR Power Costs* (mills/kwh) 


240 Mw 


60 Mw (multiple unit) 








producing the desired sinusoidal reac- 


tivity variation. Static pressure and 
weight forces in excess of 600 lb and 
comparable inertial forces were neutral- 
ized by a spring that biased out the 
static forces and resonated with the 
inertia to reduce drive horsepower 
requirements to a reasonable value. 
The amplitude of the reactivity in- 
put was limited by both the reac- 
tivity-drive power requirements and 
the necessity for maintaining a small 
input to preserve linearity (8). Thus, 
the output flux signal often had a peak 
value of less than 5% of the average 


flux value. Since the “boiling noise”’ 
in the reactor flux output ranged up to 
a peak value of 5%, or more, of the 
average flux value, the signal-to-noise 
ratios were less than one in some cases. 
To detect a +5%-amplitude or a 
+2-deg phase change of the flux signal 
under such unfavorable circumstances, 
a@ wave analyzer was used to measure 
only the fundamental component of the 
flux signal and compare it with the 
reactivity forcing function (9). 

To make meaningful comparisons of 
power response at different power levels 
there must be some assurance that the 
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reactivity oscillator feeds in a known 
effective reactivity variation at each 
power level. 
true since rod worth depends on the 
void the 
correct for this the data were normal- 


In practice this is not 


conditions in reactor. To 
ized by arbitrarily requiring that th 
power transfer function equal the zero- 
power transfer function at a frequency 
This method was 


of 25 radians/sec.* 
subsequently justified by calculations 
on the H function. 

Typical 
measured for EBWR are shown in Fig 
2. The curves in Fig. 2a demonstrate 


power transfer functions 


* A possible method of measuring reac- 
tivity in voids without resort to rod calibra 
tions employs 
process. A 
made, followed by a measurement at a fre- 
quency sufficiently high to insure that P 
is equal toG. The absolute stativ 
P; is obtained by calculating the 
G for the frequency above and multiplying 
it by the ratio of the two measured values 


a simplified version of this 


static measurement of P; is 


value of 


value of 


It can be seen that the value obtained is 
1/H, by considering Eq. 1 for GH l 

The measurement is incremental by defi 
nition, so the slope of the curve of void 
reactivity vs power is obtained by dividing 
Ay, by the power (in Mw). The 
in voids for a specified power can be ob- 
tained by plotting and integrating slopes 
measured for several lower 
constant pressure. The curve obtained by 
this means is essential for predicting react 
kinetics at increased powers, 
vides the gain factor for the 
as will be shown. 


reactivity 


owers, all at 
I 


since it pro- 
feedback loop 


Gain (db) 





>ug 
— <—_ @& 


Phase (degrees) 
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effect of a four-fold increase in 
level at 
Some resonance peaking occurs in both 
the 
with increased power. 

If pressure held 
as to reduce Hf, to zero, the curves 
would rise to an asymptotic value only 


the 


power constant pressure. 


gain curves, amount increasing 


were constant so 


slightly larger than that at | radian/sec. 
The dip at 1 


deeper with rising power because the 


radian/sec becomes 
steam voids make H, more important. 
The peak-response frequency rises with 
higher power mainly because of a re- 
duction in the time constants of H; and 
H,, brought about by changes in reactor 
coolant flow and steam void content in 
At the high end of the fre- 
quency range both H, and H, 


the core. 
become 
ineffective and the curves join as they 
return to follow G. 

The curves in Fig. 2b show the effect 
of a four-fold decrease in reactor design 
pressure while holding power constant. 
There is a higher resonance peak and 
the peak response frequency is higher 
In fact, 
this curve is strikingly similar to the 
20-Mw(th) curve of Fig. 2a throughout 
The explana- 


just as for a power increase. 


the resonance region. 
tion is that the steam void volume has 
been enlarged by the pressure reduction 


so that the void condition is approxi- 








mately the same as at 20 Mw and 
design pressure. * 

Figure 2c shows the effect of length- 
(The effective 


length was increased by adding boric- 


ening the core. core 


acid poison to the reactor water so 
the control rods could be withdrawn.) 

Phase. Up to this point nothing 
has been said about the phase curves, 
which, combined with the gain curves, 
give the complete transfer function. 
The accuracy of the phase measure- 
ment permitted its use as a check on 
the shape of the gain curves. Applica- 
tion of the minimum-phase-shift theo- 
rem requires that the phase shift be 
equal to the slope of the amplitude 
curve except as modified by a weighting 
(10). The effect of the 


weighting function is frequently nearly 


function 


unity so that zeros in the phase curve 


*In terms of the model the open-loop 
GH,) gain for the two cases is nearly equal 
through the high-frequency region, because 
the reactor forward gain Kg is directly pro- 


portional to the power change, while the 
feedback gain Kg is roughly inversely pro- 
portional to the pressure change. The cor- 
respondence is limited to the high-frequency 


where Hy is the 


Che peak responses occur at nearly the same 


region controlling factor. 
frequency for both cases indicating that the 
feedback nearly 
equal 


time constants are very 
The above observations led to the 
development of a method of extrapolating 


the transfer function, discussed later. 








end of spectrum. (b) shows effect of change in pressure at 
same reactor power (about 5 Mw). 550-psi curve is same as 
5.4-Mw curve in (a). (c) shows effect of different core length at 
same power (~5.5 Mw) and pressure (550 psi). While height 
of peaks is same, decreased closed-loop gain P at low fre- 
quencies indicates more reactivity in voids for shorter core. 
These facts suggest heat-transfer time constants are longer for 
long core possibly owing to decreased flow rate 


FIG. 2. Measured power transfer functions for EBWR. (a) 
shows effect of different power levels at design pressure 
(550 psi). Gain-curve shape above | radian/sec is largely 
result of the power void effect H, acting without H,. As fre- 
quency decreases below 1 radian/sec, pressure void effect H, 
becomes large with respect to power void effect H, causing net 
feedback to decrease. H, continues to increase with decreas- 
ing frequency as shown by increasing P gain at low-frequency 
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correspond to maxima or minima of the 
amplitude curve while maxima and 
minima on the phase curve correspond 
to maximum slopes. 

The results obtained in this first 
phase of the program established that 
the frequency response of a boiling re- 
actor could be measured with sufficient 
accuracy to make an analytical investi- 
worthwhile. It also laid the 
groundwork for a method which per- 
mits a safe approach to power by utiliz- 
ing reduced pressure measurements. 


gation 


Feedback Transfer Function 


In the second phase of the program 
the experimental data were analyzed 
to evaluate the importance of the 
various parameters of the theoretical 
model and to determine how effectively 
the model represented the reactor. 
The first problem was to find the best 
method for calculating the experi- 
mental feedback function H, from the 
power transfer-function data. 

Significant uncertainties in deter- 
mining H resulted from uncertainty in 
the peak value of reactivity input oscil- 
lation and the fact that the feedback 
function is sensitive to small errors in 
P at high frequencies. A conformal 
transformation plane relating GH, to 
| + GH, was devised* to inspect the 
curve shape at high frequencies and 
permit smoothing of data where obvi- 
ous discrepancies existed. The plane 
proved a very useful tool in resolving 
the uncertainty in power-transfer- func- 
tion gain because gain change on 
the plane could be accomplished by 
simply slipping the entire curve up or 
down along the 1 +GH, magnitude 
coordinate. 

\s mentioned earlier at frequencies 
above 2 radians/sec it is possible to 
neglect the H, loop and consider only 
the power-void loop H,. This simpli- 
fication allowed the feedback H, to be 
represented by a function with a con- 
stant numerator and a cubic denomina- 
tor, the exact values of the function 
being determined by a process involv- 
ing successive approximations, 

For example, the H, function for 
20-Mw 300-psi operation is 


H 
10.1 decibels 
1 + 0.23s)(1 + 0.14s)(1 + 0.06s) 


(2) 


The three time lags 0.23, 0.14 and 
* By W. C. Lipinski, ANL. 
Vol. 16, No. 6 - June, 1958 





EBWR Power-Reactivity Feedback 


The diagram shows the theoretical model relating power and reac- 
tivity. The H’s are components of the over-all power-reactivity feed- 
back function H. 

H, is the effect on voids of core subcooling by the feedwater. H,, is 
the heat consumed in feedwater heating after injection. C represents 
the feedwater injection, which is held constant at the average rate of 
flow required for the power output level of a particular experiment. 

H, is the heat transfer characteristic for heat flow from the genera- 
tion inside the fuel element to absorption in the coolant. It includes 
the factor relating heat generation and flux. H, is the relation between 
power and steam or void formation internal to the core. H, determines 
steam generation from the net heat. H,, represents the pressure-ves- 
sel characteristics that determine rate of pressure change when steam 


automatic control input. 


generation rate and steam load are not equal. 
acteristic of the automatic bypass system. 

controlled by manual bypass so H,, had zero input.) 
function that represents the void effects due to pressure. 
clude temperature coefficient, flashing, and void boundary change. 
HM, is the natural recirculation dynamic effect on total void which 
determines the net core steam void. 
void reactivity and net core steam void. 


_fal, 


H,,, is the dynamic char- 
(Reactor steam load was 
H,, is a complex 
These in- 


H,, is the relation between net 
{ and B represent external 


G 
Feedwater 
input 
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0.06 sec represent the time required for 
the heat to pass from the fuel element 
into the coolant and the time required 
for the steam generated by that heat 
to travel to the core exit. 

An analog-computer study of the 
model was made at the Princeton 
Computation Center upon completion 
of the work on H, functions. The 
purpose was to evaluate the effects of 
the pressure-dependent portions of the 
model and determine how well the 
model represented the reactor in this 
area. One finding of the study was 
that the temperature coefficient was 


effective only below 0.01 radians/sec so 
this portion of the pressure feedback 
was dropped out, which meant that 
an analytic expression could be used 
for the entire power-feedback expres- 
sion. Another result was verification 
of the assumptions made earlier te 
obtain the H, functions. However, 
the model still did not represent the 
reactor very well at frequencies below 
1 radian/sec. 

An analytic expression for the feed- 
back transfer function of the model, 
a quadratic numerator with quintic 


denominator, developed as a 
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FIG. 3. 5K in steam voids as a function 
of reactor power. Extrapolated curve 
was 15% lower than subsequently 
measured curve at new high power level 
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FIG. 4. Comparison of calculated 
power transfer function at high power 
with experimental points 


follow-up of the analog study. Con- 
stants were evaluated by means of the 
theoretical model, and the IBM-650 
was used to determine the power trans- 
fer function for comparison with the 
experimental data. This showed that 
the discrepancies at low 
were related to the part of the feedback 


frequencies 


transfer function representing the valve 
orifice. It was clear that this effect 
was small and limited to frequencies 
below 0.01 radian/sec. 

A new expression with one numera- 
tor time constant and four denominator 
time constants was set up which gave a 
successful representation of the reactor. 
As an example, the complete feedback 
transfer function for the 20-Mw 300-psi 
condition is 


ee Na, 
1 
1 + 0.06s 


The two time constants added to 
Eq. 2 to obtain Eq. 3 are determined by 
complex expressions containing several 
of the model parameters. The experi- 
mentally derived H functions were used 
to calculate values for these parameters 
and to correct the model. The model 
at this point was an accurate repre- 
sentation of the reactor, and could be 
used to determine the transfer function 
and stability at increased power. 
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Extrapolation to 40 Mw 


I have mentioned that at reduced 
pressure the steam void condition in 
the core is nearly the same as that for 
& power increase by the reciprocal of 
the This effect 
used to obtain the time constants for 


pressure ratio. was 
heat transfer, steam transit and water 
recirculation at 40 Mw and 550 psi by 
making measurements at 20 Mw and 
300 psi. 
steam properties were extrapolated by 


Coefficients depending upon 
direct calculation. The extrapolation 
of the curve of reactivity-in-voids ver- 
sus power was (see Fig. 3) determined 
by a hot, nonboiling rod calibration 
(11). The reactivity void coefficient, 
which sets the gain of the feedback 
transfer function, is then the slope of 
The 40-Mw condition was 
obtained by using rod position to evalu- 


this curve. 


ate the reactivity change between 20 
Mw, 600 psi and 20 Mw, 300 psi and 
then correcting for the temperature 
reactivity effect. A smooth curve was 
The 


was evalu- 


drawn through the new point. 
void coefficient at 40 Mw 
ated by taking the ratio of the slope at 
40 Mw to that at 20 Mw 
multiplying it by the coefficient that 
had been measured for 20 Mw, 600 psi. 


and then 


Subsequent measurements proved the 
estimate to be within 16% of the 
correct value. 

All of the above data were combined 
by means of the model to produce the 
required 40-Mw_ feedback 
function. This was combined (using 
IBM-650) with the zero-power function 
to produce the power-transfer-function 
prediction for 40 Mw shown in Fig. 4. 
The 40-Mw stability was somewhat 
less than that at 20 Mw with a small 
The 
resonance peak magnitude, however, was 
only about 2 db above that at 20 Mw. 


transfer 


decrease in the GH phase margin. 


High-Power Operation 


At this point a careful survey of the 
plant was made to determine feasi- 
bility of heat removal, fuel-element- 
burnout safety factor, and possible 
hydrodynamic instabilities. The re- 
sults were combined in an application 
to the AEC for permission to operate 
experimentally at powers up to 50 Mw 
with the present The AEC 
approved the application after careful 
study of the data that was presented 
to support it. In the meantime prep- 
arations to instrument the increased 


core. 


flows were completed and the plant 


was ready for the test. On December 
2, 1957 the first high-power run was 
made using the reactivity generator 
to perturb the reactor at 5, 10, 20, 30 
and 40 Mw. The maximum power 
on this run limited to 46 Mw, 


because the hotwell level was behaving 


was 


erratically and there was a possibility 
that the 
cut off by the low-level interlock that 
protects the pumps from cavitation, 
On December 9, after the hotwell and 
the 
reactor was brought to xenon equl- 


feedwater pumps might be 


turbine problems were solved, 
librium with rods all out, and transfer 
Mw. 550 


E-xperi- 


functions were run at 35 
psi and at 25 Mw, 300 psi. 
mental data for the 35-Mw, 550-psi run 
Finally 
on December 23 a short run was made 
at 50 Mw without Xe to test the 
mechanical capabilities of the plant 
The open 


are plotted as circles in Fig. 4. 


and run a transfer function. 
loop GH functions were calculated for 
the various powers and the log polar 
plane was used to determine gain and 
phase margins. Extrapolation of a 
plot of these values vs. power indicated 
that the reactor would remain stable to 
at least 66 Mw (12). The AEC 
granted permission for a test run to 65 
Mw, and on March 20 a power level of 
61.7 Mw was obtained with feedwater 
flow at Short 
power increases to about 65 Mw, ob- 


maximum capacity. 


tained by permitting small decreases 
in reactor water level substantiated the 
extrapolation. 
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TABLE 1—Properties of Magnetic Materials 


Material 


2 ne 
0.0% 


silicon iron 


50% Ni, 50% Fe 


- 


5-79 Molybdenum Permalloy 5% Mo, 


2 Vanadium Permendur 2¢ 
16 


Alfenol 16% 


Ni 


kel-ferrite 


2-81 Molybdenum Permalloy 


:CR 
Rapid heat. 


Nominal composition 


3.5% Si, 96.5% Fe 


7¢ 


9% Ni, 16% Fe 


% V, 49% Co, 49% Fe 


Al, 84% Fe 


NiO: Fe2,O 


2% Mo, 81% Ni, 17% Fe 


Heat treatment* (°C) 


FH 825 

FC 

in hydrogen 
CR 

RH 1025 
RC 

in hydrogen 
FH 1300 
Cool at controlled rate 
in hydrogen 
FH 850 

FC 

in hydrogen 
FH to 1000 
FC to 600 
RC 

in hydrogen 
FH 1350 
FC 

in air 

FH to 650 
FC 

in hydrogen 


Core structure 


Ring laminations 
2” o.d. K 156” i.d. 
X 0.014” thick 
Tape-wound toroid 
0.002” thick 


Ring laminations 
2” x 156" X 
0.014” 

Ring laminations 
2” K 156” X 
0.014” 

Ring laminations 
2” x 15g” X 
0.014” 


Ceramic ring 


Pressed powder ring 


Major use 


Transformers, rotat- 


ing machinery 


Magnetic amplifiers 


Highest-permeability 
cores 


Highest magnetic 
saturation 


Nonstrategic material 
substitute for 4-79 
Molybdenum Perm- 
alloy, Mumetal 
High-frequency 
chokes and trans- 
formers 
High-frequency 
chokes and trans- 
formers 


Severely cold rolled; FH = Heated with furnace; FC = Cooled with furnace; RC = Withdrawn rapidly from heat 





Radiation Effects in Magnetic 
Materials 


By D. I. GORDON, R. S. SERY and R. E. FISCHELL* 
U.S. Naval Ordnance Laboratory, White Oak, Silver Spring, Maryland 


MAGNETIC-PROPERTY changes induced 
by reactor radiation are important to 
people who want magnetic devices to 
operate in such anenvironment. They 
also have implications for solid-state 
studies. 

We have measured the changes in 
ven commercial magnetic materials 
in Table 1. Tables 2-4 
show our results. Almost all samples 
show deterioration in their magnetic 
This is to be expected 
they are manufactured for op- 
timal magnetic characteristics. How- 
ever, magnitudes of effects vary con- 
siderably from one material to another. 


se 


desc ribed 


properties. 


since 


* Present Appress: Emerson Research 
Laboratories, Silver Spring, Md. 
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Our results show that designers must 
not assume that magnetic materials 
will be generally satisfactory in devices 
that must operate in radiation environ- 
ments with constant response. Onthe 
other hand, some materials are quite 
stable. Permendur to be 
promising for magnetic-amplifier cores 
subjected to radiation and heat—with 
the important drawback that its 
cobalt leads to considerable induced 
activity. 

5-79 Molybdenum Permalloy and 
Orthonol show the most significant 
changes. At the other extreme, 3.5% 
silicon iron, 16 Alfenol, and 2 Vanadium 
Permendur show the smallest ones. 
One sample especially treated to pro- 
duce poor magnetic properties was im- 


appears 


proved by the radiation. 


The changes 


appear to be permanent ones. 
Magnetic properties are insensitive 
to all types of radiations except fast 


neutrons. This 


suggests 


the possi- 


bility of making a magnetic fast-neu- 
tron dosimeter as discussed in the box 


on page 77. 


Nature of Damage 


The important mechanisms for ex- 
plaining radiation damage in metals 


are vacancies, 


interstitials, 
spikes, and displacements (1-4). 


thermal 
Thus 


one can expect nuclear displacements 
to produce the following macroscopic 


effects: 


First, if the solid is previously in 
equilibrium, that state may be dis- 
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Magnetic Terms 


Magnetic terms used here are 
defined in terms of the magnetiza- 
tion and hysteresis loop 
shown in this figure. Several of 
them there: Biax; 


B.; H.3 initial permeability taken 


curve 


are indicated 


arbitrarily at 20 gauss, p23 u, 


Others are as follows: 


Permeability ». = B/H. It is the 
slope of a line from the origin to 
any point on the curve, rather 
than the tangent to the curve. 


Loop rectangularity = B,/B, 





Magnetic susceptibility 





K = (u — 1)/4r = (B H)/4rH 


Core-loss factor = R/ulf 
= aB + ef 


a = hysteresis-loss coefficient 





B=Mognetic induction Spe: pas 
» 


4 


Mysieresis loop 


* 


“Slope «nao 


\ 
Bmax 
\ 
' 
' 
i 
Z. 


H= Magnetic Field intensity 
loersteds) 


eddy-current loss coeffi- 
cient 

= residual-loss coefficient 
frequency 


peak core induction 





turbed. Thus a nonequilibrium num- 
ber of vacancies and interstitials will 
appear; ordered alloys will become dis- 
ordered, andsoon. If the temperature 
is high enough, the damage disappe ars 
by annealing, but if the temperature is 
low, these effects may not be annealed 
and permanent damage results 

the 


previously in equilibrium but main- 


Second, material may not. be 


tained in disequilibrium by its low tem- 
perature. 
disordered alloy that would be ordered 
Then th 

the 


An example is a quenched, 
if slowly cooled. irradiation 


may actually mak material 
approach equilibrium. 
the 


ferromagnetic materials are sensitive to 


Since magnetic properties of 
changes in atomic lattice structure, on 


expects neutron irradiation to affect 
these properties. 
Order-disorder. Theor 
periment indicate that displacement 
effects due to neutron irradiation will 
terms ol 


and ©X- 


be observed in physical 


property changes particularl; 
disorder alloys. According to 
(5), 5-79 Molybdenum 
when heat treated for its 
magnetic properties, is in a 
ordered state. The marked changes wi 


in order- 
Jozorth 
Permalloy, 
optimum 


critically 
observe in its ferromagneti: properties 
indicate that the degree of ordering 
changes significantly. 

16 Alfenol is also 
alloy. It exhibits its optimum mag- 
netic properties in a disordered state 
(6). 
for poor magnetic properties 
radiated to whether it 
could be improved through disorder- 
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an order-disorde1 


An ordered sample heat treated 
was ir- 


determine 


The re- 
prop- 
though not 


ing by neutron irradiation. 
sults were positive—magnetic 
erties improved, 


optimized. 


were 


Previous Work 


Nothing has been published on the 
subject of neutron-irradiation effects on 
magnetic properties of materials for it- 
self, but there are some partial refer- 

Aronin studied radiation 
order-disorder in nickel- 
manganese alloys (7). He reports that 
the intrinsic induction of ordered nickel- 
alloys (16.5-31.9 
per cent Mn) shows decreases up to 
SU % they 
~107° For thermally disor- 
dered alloys in the 16.5-22°‘ 


ences to it. 
effects on 


manganese atomic 


when are irradiated to 
n/em?, 
o-Mmanga- 

the in- 


Above 


nese range, irradiation raises 


trinsic induction appreciably ; 


anar 
23 % 


the effect 
versed and the weak magnetic behavior 


manganese, was re- 
of alloys in this region was further 
decreased by irradiation. 

Dienes in reviewing radiation effects 
Wil- 
liams and Nesbitt observed a decrease 
in the 
f ordered MnNi; upon irradiation in 
the Brookhaven pile. 
presumably attributable to disordering 


in solids (3) reports: “Recently 


saturation magnetic moment 


This change is 


of the sample.” 

Leeser in discussing the effects of 
nuclear radiation on engineering ma- 
terials reports increases up to 700% in 
the magnetic susceptibility of some 
austenitic How- 
these feebly 
magnetic before irradiation, and even 
the 
the total magnetism attained is 


stainless steels (8). 


ever, steels are only 


though fractional increases are 
large, 
still relatively insignificant. 

A 1948 report on the effects of fission- 
produced radiation on electronic equip- 
ment states that some power, output 
and input transformers irradiated for 
100 hr at 10" 


change in output voltage for constant 


n/em?/see showed no 


input voltage (9). 


Experimental Procedure 


Our measurements were performed 
on seven toroidal cores especially made 
with radiation-resistant insulators and 
mountings. These were irradiated in 
hole W-14 of the Brookhaven reactor. 
After the 
turned to our laboratories. 


irradiation cores were re- 
Magnetic 
properties were measured before, dur- 
ing, and after irradiation. 

Test assembly, 


shown in Figs. 1 and 2 permitted remote 


The assembly 


in-pile measurements as well as post- 





TABLE 2—Percentage Change in D-C Magnetic Properties* 


Initial Maximun 


permea- pei 


Material bilityt 


3.5% silicon iron 

Orthonol 

5-79 Molybdenum Permalloy 
2 Vanadium Permendur 

16 Alfenol 

Nickel ferrite 

2-81 Molybdenum Permalloy 


* Irradiation to 2.74 X 10'8 n/em?, 


tBfor H = 


Tu at B = 20 gauss 


med- 


lily /orce 


Satura- 
tiont Loop 
Rema- 


nence 


Coercive induc- reclan- 


lion gularity 


30 oersteds 
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measurements when the 
samples were radioactive. Since or- 
ganic materials commonly used in 
toroidal core boxes, magnet-wire insu- 
lation, and interlaminar insulating 
spacers are known to deteriorate ap- 
preciably at the neutron flux level 
under consideration, it was necessary 
inorganic substitutes. Core 
boxes made of anodized 28S 
aluminum instead of Bakelite; inter- 
laminar insulators were punched from 
2-mil sheet mica instead of paper; and 
glass-covered magnet wire (Anaconda 
Type DX, Class H, Silotex) was used 
instead of Formvar-insulated wire. 
Figure 1 shows successive stages in 


irradiation 


to use 
were 


assembling a typical core used in the 
tests. 
problem imposed by cavity-size limita- 
tion in the standard lead shipping 
container required for returning the 
radioactive test assembly to the Naval 
Ordnance Laboratory. 

Irradiation. Seven cores mounted 
in the core holder were irradiated for 
493 hr. The flux was 1.8 X 10” total 
neutrons/em?/sec with a cadmium 
ratio of 1:25; that is, 1445 of the total 
neutrons had energies greater than 1 ev. 
The integrated neutron flux to which 
specimens were exposed was 2.63 X 
10'S thermal (E <1 ev) n/em? and 
0.11 X 10'* fast (E >1 ev) n/em?. 
The gamma flux was ™4 X 10!! 
photons/cm?/sec with a photon energy 
of ~1-2 Mev. 

Temperature in the hole varied 
slowly from as low as 40° C to as high 
as 70° C, but most of the time the 
temperature remained in the range 
55°-65° C. To eliminate temperature 
as a variable, preirradiation measure- 


This assembly solves a space 


ments were made at both hole and 
room temperatures. There was no 
appreciable difference between the two 
sets of data. This result agrees with 
previously reported information on 
temperature effects obtained at the 
Naval Ordnance Laboratory (10). 

Absence of gamma heating in the 
samples is indicated by constancy of 
saturation induction during irradiation. 
Magnetic saturation is temperature 
sensitive, decreasing with increasing 
temperature. 


FIG. 1. (Above) Assembly of cores for 
irradiation. Stack of laminations (a) 
is placed in aluminum core box (b), 
wound with glass-insulated wire and 
glass tape (c). Finished core is mounted 
on core holder (d), which holds seven 
cores (e) 


FIG. 2. (Left) Shielding container holds 
radioactive cores and holder after ir- 
radiation. Octal plugs in top and bot- 
tom provide cable connections 


Magnetic measurements. The fol- 
lowing magnetic properties were meas- 
ured on all cores before, during, and 
after irradiation: d-c magnetization 
curves; initial permeability, 2 (at B = 
20 gauss); maximum permeability, 
max; residual flux density, B,; coercive 
force, H.; maximum induction, B,, (at 
H = 30 oersteds); and a-c hysteresis 
loops and magnetization curves at both 
60 and 400 cps. Loss measurements 
were made on the nickel-ferrite and 
2-81 Molybdenum Permalloy (powder) 





TABLE 3—Percentage Change in A-C Magnetic Properties* 


Core material 


3.5% silicon iron 0.1 
Orthonol 8 
5-79 Molybdenum Permalloy 01 
2 V Permendur 0 
16 Alfenol l 
Nickel ferrite 4.0 
2-81 Molybdenum Permalloy | 1.0 


* Irradiation to 2.74 X 10" n/em?. 
; H, _ 


—36 


—92 Y —7 


Flux density Flux density 


H,t G60cps 400cps| H,t G60cps 400cps| H,t 60 cps 


—2.5 —s 
—17 —21 
76 —8sl 
—15 


1 0.5| 1 
—41 


5 ‘ —1.5 
—4 —1.0 —1. 
—2.5 2: —-3.0 -3 


—4 ; —6 


Loop rectangu- 
larity (B,/By) 


Coercive force 


400 cps | GOcps 400 cps 


7 1. 
2 —17 
4 —46 
20 —6 
5 —1 

—0 


a-c field intensity amplitude (oersteds) at which the corresponding properties were measured. 
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FIG. 3. Tests of d-c properties show that 5-79 Molybdenum 
Permalloy and Orthonol suffer greatest changes, 16 Alfenol, 


3.5% silicon iron and 2 Vanadium Permendur the smallest. 
Graph shows effect of reactor irradiation on coercive force in 


four of these five materials 


The 
magnetostrictive properties of the 16 
Alfenol, 2 Vanadium Permendur and 
nickel ferrite 
and after irradiation. 


cores before and after irradiation. 


were measured before 
made with 

11). A-e 
hysteresis loops were displayed on an 
oscilloscope using an electronic integra- 
tor in a conventional circuit (12). For 
a-c magnetization curves the peak field 


D-c measurements were 
a standard fluxmeter circuit 





Magnetic Effects for 
Fast-Neutron Dosimetry 


The variation of magnetic properties 
of 5-79 Molybdenum Permalloy with 
integrated neutron flux suggests the 
potential use of this material for fast- 
neutron dosimetry (19, 20). This is 
shown, for instance, for maximum 
permeability in Fig. 5. 

Fast-neutron dose is indicated free 
of background from slow-neutron or 
gamma that 
gamma photons produce only ioniza- 
tion effects, and slow neutrons produce 
impurity atoms only in a negligible 
number. A 5-79 Molybdenum Perm- 
alloy core was irradiated with gammas 
alone (1.4 X 10° photons/cm?; 1.3 
Mev average energy), and no change 
in magnetic properties was observed 


dose. Theory states 


The data imply the possibility of 
building a  fast-neutron 
using the radiation effect on the mag- 
netic properties of 5-79 Molybdenum 
Permalloy. This should 
be investigated further. 


dosimeter 


possibility 
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FIG. 4, 


08 = « 
Integrated Neutron Flux (10a /om 


wo” 
2) 


Orthonol is radiation sensitive as indicated by increase 


nd 


in maximum permeability; 3.5% silicon iron, 16 Alfenol, and 2 


Vanadium Permendur show small changes in this property 


intensity H, was measured by means 
of a peak-to-peak voltmeter across a 
(13); the peak 
induction B, was measured by means 


metering resistance 
of a rectified, average-reading, vacuum- 
tube voltmeter (14). 

The core-loss factor was measured 
as a function of both frequency and 
flux density. From this information, 
obtained with a Maxwell bridge, core- 
loss coefficients were obtained accord- 
ing to the method of Legg (14). 

The magnetostrictive property meas- 
ured on three of the the 
electromechanical-coupling coefficient. 
This is the 
parameter in 


cores 18 


most 
the 
evaluation of a magnetostrictive ma- 


considered to be 
important single 


terial for transducer use (16, 17). 
Results 

effects on 
in Tables 2 
Effects on magnetostriction and core- 
loss factors are presented in Table 4. 
Figures 3 and 4 illustrate the effects of 
increasing amounts of irradiation on 


Radiation 
are summarized 


permeability 
and 3. 


some of the d-c properties measured 
during irradiation. 
5-79 Molybdenum 
Orthonol the 
changes; 3.5% silicon iron, 16 Alfenol, 
the 
Between these two extreme 


Permalloy and 


show most significant 


and 2 Vanadium Permendur, 
smallest. 
groups lie nickel-ferrite and powdered 
2-81 Molybdenum Permalloy, which 
show small changes in permeability 
but substantial changes in core-loss 
characteristics in the frequency range 


of 10-50 keps. None of the three cores 


tested for magnetostriction changes 
showed appreciable effect. 
Permanency of the effects is shown 
by constancy of peak induction for 
several materials as a function of time 
after the end of the irradiation period. 
Additional 


a-c properties at later dates continue 


measurements of d-c and 


to indicate that the changes in proper- 


ties induced by the irradiation are 
permanent. 

Figure 5 shows how the maximum 
5-79 


Permalloy deteriorates in a reactor 


permeability of Molybdenum 


environment. There is a drastic drop 
early in the period, and by the end of 
the irradiation the maximum perme- 
ability has dropped 93%. As indi- 
cated in Tables 2 and 3, the other 
properties were similarly degraded. 
The effects of increasing amounts of 
the d-c 


irradiation on magnetization 


) 


‘ 


Reactor down 
for 15-hr 
period a 
™ 5-79 Molybdenum 
Permalloy 


Reactor down 


\ 


Poe 


05 10 5 20 25 . 
Integrated Neutron Flux (10'8 n/cm?) 


erecta 


Moximum Permeability, Umax (10 


FIG. 5. Sudden drop of maximum per- 
meability of 5-79 Molybdenum Permal- 
loy shows that it may be unsuitable for 
magnetic devices that are to operate in 
radiation environments 


June, 1958 - NUCLEONICS 





Before Before 


irradiation gee irradiation 
After 
2.74 X10" naem® 


A V4 nécm 


j 


After 
274 X10 'Snjem® 


B (kilogauss) 


B (kilogouss) 





1.0 2.0 


Orthonol 
H (oersteds) | H (oersteds) 


Before irradiation 
\ ‘2.60 & 2.74 X 108 n/cm? 
1.77 x 108 

1.41 x 108 


0.33 x 10 


5-79 Molybdenum 


Permalloy 


ee: 


Induction, B (kilogauss) 


Orthonol 





8 " 05 ey 15 20 
Field intensity, H (oersteds) 


FIG. 6. Hysteresis loop of 5-79 Molyb- FIG. 7. Orthonol’s d-c magnetization 
denum Permalloy shows this change with curve changes like this with irradiation FIG. 8. Change in Orthonol’s 60-cps 
extensive irradiation in reactor fields hysteresis loop with neutron exposure 


irve include a saturation effect. Further Experimentation core (1¢-mil tape) has been carried out 
Figure 6, which shows the effects of 21). This reannealing restored the 
the total exposure on the 60-cps These results suggest several further preirradiation magnetic properties of 
hysteresis loop, further emphasizes experiments that will be useful and this core indicating that thermal-neu- 
the drastic degradation in the proper- informative. We already have com- tron effects—transmutations—are 
ties of this material. Any device pleted a second experiment in which negligible, at least for this core. 
depending on the optimal properties of | ten additional soft magnetic materials 
5-79 Molybdenum Permalloy would have been studied (21). Additional 
surely fail after exposure to this work has been reported by others (22). 
irradiation. Further research with permanent mag- The authors wish to thank the following 
persons for their contributions to this paper: 
; : . bo " John J. Floyd, Paul Colsmann, Forrest P. 
changes in magnetic properties. D-c On both 5-79 Molybdenum Permal- Reeve, and the personnel of the Reactor De- 
1agnetization curves at increasing loy and 16 Alfenol diffraction and partment at the Brookhaven National Labora- 
? - 2 x EP 2 C. M. Davis, S. F. Ferebee and 
doses are s ‘ . » effec sgistivitv macurementa al . tory, and , 
are shown in Fig. 8. The effect ré sistivity measurements should be Danie Polansky of the U. S. Naval Ordnance 
on the 60-cps hysteresis is shown in made. This would permit correlation Laboratory. 
7. Decrease in rectangularity, between changes in the degree of 
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Twenty-sample apparatus for electrodepositing plutonium on stainless-steel disks (at right is sketch of Lucite electrodeposition cell) 


Nuclear-Track Technique for Low-Level Pu in Urine 


By L. C. SCHWENDIMAN and J. W. HEALY 


Hanford Atomic Products Operation, General Electric Co., Richland, Washington 


Because of the low maximum-per- 


missible body burden of plutonium, 
i.e., 0.04 we or 0.6 ue (1 


low excretion rate, sensitive methods 


, and the very 


are required to detect it in urine. 

For a maximum-permissible body 
burden, only 6 dpm (4.2 x 107° ug 
day) will be excreted in the urine 100 
days after exposure (2). For incipient 
chronic intake that eventually 
up to a maximum permissible body 
quantities ol 


builds 


burden, even smaller 
plutonium are excreted per day be- 
cause of the nearly complete immobili- 
zation of plutonium. Thus, a urin 
analysis should be capable of measuring 
much less than 1 dpm. 

A nuclear-track-emulsion technique 
has been developed that is adequately 
The plu- 


tonium, after separation from the urine 


sensitive and reproducible. 


sample, is electrodeposited on a metal 
disk. The disk is held against a nu- 
clear-track emulsion for 168 hr. After 
emulsion development, tracks are 
counted under a microscope. The de- 
tection limit of less than 0.05 dpm cur- 
rently achieved on a routine basis is 
low enough to permit early recognition 
of low-level plutonium deposition. 
The nuclear-emulsion technique is 
used exclusively at Hanford for routine 
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bioassay. We have determined that a 
sampling frequency of four times a 
year is adequate for those workers who 
have greatest exposure potential. 
Other workers are sampled once or twice 
a year, depending upon their location. 

The particular advantage of this 
method is that there is virtually no 


limit to its ultimate sensitivity. By a 


Emergency Cases of Pu in Urine 


Although the nuclear-track 
technique described in the article 
is suitable for routine detection of 
low-level Pu ingestion, the week- 
long emulsion exposure is too long 
for incidents suspected to be more 
dangerous. 

In cases where plutonium is 
known or suspected to have been 
introduced into the body, imme- 
The 
the 
urine in much higher concentra- 


diate sampling is instituted. 


plutonium will appear in 


tions because of the short delay 


between exposure and sample 


collection. Thus, short-cut, less 


sensitive detection methods can 


be used to obtain results within 
hours. Electronic 


a few alpha 


counting after chemical sepa- 
ration of the plutonium is gener- 


ally adequate. 


combination of reducing source size and 
increasing the exposure time, almost 
any desired sensitivity should be ob- 
tained. Experiments have shown that 
electrodeposition on 1-mm-dia areas is 
feasible. Another advantage is the 
complete freedom from the unpredicta- 
ble behavior of low-background elec- 
tronic counters and their higher costs. 

The 


used at Hanford required evaporating 


routine procedure previously 
the urine sample to dryness, muffling 
Any 
plutonium present was then coprecipi- 
tated with lanthanum as the fluoride. 
After solution of the lanthanum 
cipitate, thenoyltrifluoroacetone (TTA) 
was used to chelate the plutonium now 
in the +4 oxidation state. The plu- 
tonium was subsequently released from 


and dissolving remaining salts. 


pre- 


the organic phase to the aqueous phase 
with SN HNOs, which was evaporated 
to dryness in a 1!4-in. counting dish. 
Samples were measured with low-back- 
ground alpha counters. The air cham- 
bers used were sensitive to noise and 
other minor disturbances, and much 
time was expended in maintaining low 
backgrounds. A measurement time of 
up to 2 hr was needed to give a de- 
tection limit of about 0.5 dpm _ per 


sample. Continued on page 80 
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lloy fuel-element can, developed for the British nuclear power stations. Other types of can are also being produced in 


tainless steel, niobium and vanadium for nuclear reactors. 


The know-how on gas-cooled reactors 


ome seven years ago, we in Britain began to 

p nuclear power stations, we were forced by cir- 
tances to adopt what seemed an unpromising type 

tor—gas cooled, graphite-moderated, fuelled with 

il uranium. Many people were pessimistic. We 

we could make the thing work—and Calder Hall 
| better than we dared to hope. 

Hall was designed primarily to produce plutonium 
electricity as a by-product. The new reactors at 
ley, Bradwell, Hunterston and Hinkley Point are 

d for power production. They can thus be made 
efficient, lower in capital cost per kilowatt, and 


simpler and cheaper to operate. 
In all this work—and in much more that went before it 
—the companies of Tube Investments Limited have had 
a part. They have, in fact, been involved in many 
branches of atomic energy development from the begin- 
ning. But on components for gas-cooled reactors in 
particular, T.I. scientists and engineers reckon to know 
as much as anyone. Their experience is available to 
assist you. 

Rare metal 
—Control rod, 


Other products include :—Finned heat erchanger tubes 
components - Engineered reactor components such as 
graphite restraint and stand pipe assemblies - Neutron sources. 


NUCLEAR ENGINEERING LIMITED: THE ADELPHI: LONDON W.C.2 


a COMPANY 


rdinating the nuclear activities of the Companies of Tube investments Limited 
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SCINTILLATOR B 


greatest pulse height- 
shortest decay time! 


Pilot Scintillator B is the only plastic 
scintillator containing diphenylstil- 
bene ...developed and 

by, and 

Chemicals, Inc. It has the greates 
pulse height (90% that 

crystal), and 
(3 x 10-9 seconds) of an‘ 


patented * 


available only from Pilot 


shortest 


plastic scintillator Available 
wide variety of shapes 

from sheets 0.0005” thick t 
cylinders. Machinable 

any design. 


SCINTILLATION GRADE FLUORS 
Extremely high purity vimur / 


high melting point. Ar / bof 
Sluors always in stock Dif 

Alpha- NPO, POPOP, PBD 

Do you need a special scintillation plastic or 


fluor? Write us for help! Send for Bulletin 
581... 


PDOOG 


CHEMICALS, INC. 


36 Pleasant Street, Watertown 72, Ma 


*U.S. PATENT $2,710,284 
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CROSS SECTIONS 


This article starts on page 78 


Electrodeposition 


An electrodeposition procedure was 


developed in which plutonium was 
first oxidized in a basic medium, then 
electrodeposited on a 7-mm diameter 
area in the center of a '4-in.-dia stain- 
less-steel disk (3). In 1-2N KOH and 
in the presence of sodium hy pochlorit 
nearly quantitative recovery of 10~® ue 
of plutonium was achieved. 

The urine sample preparation, lan- 
thanum fluoride and thenoyltrifluoro- 
acetone method for prior separation of 
plutonium from urine was retained. 
Hydrochloric acid was substituted for 
SN HNO; in the extraction when it was 
found that nitrate ion caused low elec- 
trodeposition yields. 

A Lucite electrodeposition cell and 
multiposition equipment (Fig. 1) per- 
mit simultaneous analysis of as many 
as twenty samples. Urine 
“spiked” with 


plutonium and blank samples are 


samples 
a known quantity of 
proc- 
essed with each group of actual samples 


to provide data on process control. 


Nuclear-Track Detection 


The nuclear-track emulsion chosen 
was Kodak NTA emulsion 25 yu thick 
on | 3-in. microslides. 

As received, the emulsion contains 
latent track images from alpha-emitting 
impurities. To 
these 


provide maximum 
tracks 
vere effectively eradicated before de- 


Sensitivity, background 


elopment by exposing the emulsion at 





Blank samples 
-! TFOCKS) 
Open bors: Poissor 


Black bars: actua 


(mean =| 











FIG. 2. Radioautographic “camera.” 
NTA slide is inserted emulsion side up in 
brass block. Thumb clamp draws slide 
against three edge-index bosses cor- 
responding to edge contact points 
of microscope stage. Lucite block is 
placed over slide, indexing to dowels 
in base block. Disks are placed in 
holes, plated side against emulsion. 
Cover plate is positioned. Printed 
forms identify disks 


saturated vapor 
Desic- 
cation for 3-4 hr restored the original 
A reduction of back- 
ground to less than 10% of the original 


room temperature to 


from 0.3% hydrogen peroxide. 
film sensitivity. 


track density was thus easily accom- 
plished. Backgrounds, usually 0.002- 
0.004 dpm/cm2?, are negligible. 


A radioautographic ‘‘camera’”’ (Fig. 


2) was constructed to support the disks 
The emulsion 


s exposed to the disks at 5° C 


against the emulsion. 
, gener- 


illy for 168 hr. 


Optimum developing time, without 
igitation, is 6 min in D-19 developer at 


68 2° F. Fixing requires 45 min 


vith agitation, and washing, 1 hr. 


n f 


eon oO 


detection | 











0.05 


Activity (dpm) 


FIG. 3. 


Poisson distribution. 


At left, frequency distribution of 545 blank urine samples is compared to 
At right, Poisson distribution for detection limit that would give 
positive result above background distribution in 99 % 


of samples analyzed 
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les are dried in a dust-free atmos- 
The slides are handled with as 
exposure to safelight (Wratten 
es OA 


grain background to a minimum. 


as possible to keep the sin- 
‘he latent image of a bona-fide track 

n emulsion will be destroyed over a 

of time by high humidity and 
However, if the exposed emul- 

s held at 


e 8 weeks after exposure. 


5° C, fading is imper- 


microscopic count of tracks is 
with dark-field illumination and 
10x 
ve a total magnification of 430. 


objective and eyepiece 


mersion oil is used between the con- 

ser lens and the slide. 

\ scanning 
yyed. A rectangular reticule in 
vepiece delineates a 0.10 < 0.20- 

From the co- 


system of counting is 


1m area of the emulsion. 
nates of the area to be examined, 
ateral limits of the scan (4 mm 
are determined. A stop is posi- 
1 on the right-left traverse bar of 
mechanical stage. This stop limits 
motion of the stage to the length 
escan. Aclick-step attachment to 
forward-back motion knob permits 
stage to be moved in !4-mm incre- 
the lateral 


These devices permit several 


ts perpendicular to 
rses to be made on each exposed 
the total the 
mm?. 


scanned in 
is about 4 


area 
lard procedure 

number of tracks per unit area is 
determined and a conversion to 
made using exposure time, expo- 
rea and film efficiency. 


{ 


film efficiency is routinely 


1 with a standard source. 
Results 


the 
number of tracks found in 3.8 mm? of 


The frequency distribution of 


ilsion for 545 blank urine samples 
own in Fig. 3. 

Although it appears that the Poisson 
tion fits the data reasonably well, 
hi-square test shows the fit to be 

More samples with zero 

tracks 

recorded than predicted by the 

The data fit well a 

that 

es into account a lack of random- 
the 
have been favoring 


r poor. 
ks and with five or more 
sson relation. 
itive binomial distribution 
e.g., the degree to which 
roscopist may 
ig zero tracks when there were one 
erhaps two present, or for there 
g a few contaminated blank sam- 
In either distribution equation, 
of the samples showed five tracks 
tower 
[t is assumed for purposes of defining 


1 detection limit that samples contain- 
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For Rolling Powdered Metals 


GET THE FLEX 


8 


TY NOD 


N 


ECONOMY OF A 


N 


As a vertical mill ideal for rolling Pow- 
dered Metals—yet converts to a stan- 
dard horizontal mill for rolling strip. 


Here is outstanding flexibility for the metal- 
lurgical laboratory or production. This Fenn 
Dual-Purpose Rolling Mill can be used for both 
powder metallurgy and strip rolling. Combines 
all the precision features of other Fenn mills, 
yet, this Fenn Convertible Rolling Mill is liter- 
ally two mills in one... ideal for application 
wherever Space and capital are limited. By 
simple movement of pinion stand and roll 
housing, it quickly converts for either vertical 
or horizontal rolling. Mill featured is a Model 
V4-126 Two-High/Four-High Combination Mill 
with 12” rolls, 40 HP variable speed AC drive. 
Write for complete information and Fenn cata- 
log FRM-58. 


FENN MANUFACTURING CO., 703 FENN ROAD, NEWINGTON, CONN. 
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ITRO’S activities in atomic age technology range from advanced 

underwater weapons to systems engineering for guided missiles . . . 
from uranium mining to the design of complete nuclear facilities . . . 
from ground handling systems to armament in the upper air. 


On land, sea and air—in nuclear energy, weapon systems and 
extractive metallurgy—Vitro’s strength is in its scientific and engineer- 
ing personnel. Its know-how in critical technologies makes it one of 
America’s most advanced corporations. 
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FIG. 4. Frequency distribution of 553 
samples spiked with 0.57 dpm plutonium 


ing a significant quantity of plutonium 
will be distributed to conform to the 
Poisson function. The detection limit 
is then defined as that quantity which, 
if actually present, would give a posi- 
tive result above the background dis- 
tribution in 99% of the samples ana- 
lyzed. These data indicate that 0.033 
dpm actually present in the sample 
would result in a measured dpm greater 
than the 99% upper limit in the back- 
ground distribution 99% of the time. 
It should be noted that values greater 
than the 99% upper limit of the back- 
ground distribution but lower than the 
0.033 dpm indicate positive values and 
should be treated as such. 

Figure 4 gives the distribution of 553 
samples “spiked” with 0.57 dpm of 
plutonium as determined with a PC-2A 
proportional counter. These samples 
were analyzed concurrently with the 
regular bioassay urine samples. The 
standard deviation is 12%. If only 
random variations from reading the 
tracks were present, the standard devi- 
ation should be 7%. The remaining 
variation results from all other random 
errors in the process. The long-time 
average of the over-all process yield is 
89%, assuming a 50% emulsion geome- 
try. Emulsion geometry will, in gen- 
eral, be slightly less than 50%, princi- 
pally because tracks perpendicular to 
the emulsion plane are not recorded 

* ” * 


This article is based on work performed for 
the l S. Atomic Energy Commission under 


act W-31-109-Eng-52 
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FIG. 1, 


Film badge for monitoring X- and y-rays. 


L 


Left to right: components of badge 


(films and perforated filters); components wrapped in aluminum foil, numbered and 
inserted in 0.3-mm polyvinylchloride tube; completed badge; conventional-size film 


(3 X 4 cm) 


New Film Badge Enables 
Cheaper X-Ray Monitoring 


By L. H. M. van STEKELENBURG 


Department of Medical Physics 


Vational Health Research Council T. N. O. 


irnhem, Netherlands 


Beta- and gamma-ray monitoring by 


photographic method is precise 


1 


igh to 
Although 


j oF 
10 %. 


guarantee 
X-rays 


tored with similar accuracy, the 
rocess is time-consuming and more 
ostly because of energy dependence 


| the need for calibration. 
We have developed a universal film 
Fig. 1) that indicates X-ray 


accuracies of 


can “be 


The same 
for X- and 


dose with a single reading. 
film 
y-Tays. 

The badge contains two differential 
films. One film both 
sides by 2-mm tin, while the other is 
If appropriate films 


badge can be used 


is shielded on 


directly exposed, 
are used, there is a linear combination 
of their densities that is practically 
constant for equal radiation doses of 





Half-Value Layers for Filtered Radiation 


Filter 


180 

210 0.4 

250 0.6 

250 Same as l-mm Pb 
Gamma rays 
Cesium-137 (0.66 Mev) 
Cobalt-60 (1.25 Mev) 


mim) 


Approximate 
half-value layer 
(mm Cu)* 


* All half-value layers have been expressed in mm Cu for ease of plotting. 
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NEW MODEL 


Removable battery pack. 
Easily replaceable alpha 
screen. 

Large easy-to-read 
meter face. 

Hard-chrome plated 
aluminum case. 


Juno is a portable, battery-operated 

instrument which measures the 

intensity of, and distinguishes 

between alpha, beta, and gamma 
radiation. Available in two 
models, with 3 ranges each: 
SRJ-6 (standard range) 50, 
500, and 5000 MR/HR; HRJ-6 
(high range) 250, 2500, and 
25,000 MR/HR. 


Alpha 
Screen 


Alpha 
Rejection 
Absorber 


Beta Rejection 
Absorber 


Removable 
Battery Pack 


TECHNICAL 
ASSOCIATES 


write for 
Bulletin No. 159 


Instrumentation for Nuclear Research 
140 WEST PROVIDENCIA AVENUE + BURBANK, CALIF. 
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| 
|NUCLEAR 
ELECTRONIC 


INEERS 


“Nuclear Electronics” 

is used to describe a new scien- 

_ tific discipline. One phase of 

this discipline is the study of 

problems resulting from the 

deterioration of electronics sys- 

tems exposed to radiation. This 

prdieh is currently under 

investigation at the Hughes 
Research Laboratories. 


| eins or Physicists. ..with 


the unique combination of elec- 
tronics engineering and nuclear 
physics Fequited for this study 
..- should submit qualification 
resumes to Mr. J. C. Bailey: 


: 
: 
: 
: 
’ 
: 


- 4 
the West's leader in advanced electronics 
' 


RESEARCH & DEVELOPMENT 
; LABORATORIES 


: Culver City, California 


® 
' 


This article starts on page 83 
different spectra. Response to X- and 
gamma rays of energies between 0.03 
and at least 1.25 Mev is linear to 
within 20% 


for film calibration. 


thus eliminating the need 


Radiation monitoring with films is 
complicated by the fact that their re- 
sponse to X-rays varies considerably 
with energy. Hence, when a film has 
been exposed to X-rays of a given half- 
value layer, reading the dose requires a 
comparison with one or more calibrated 
films. Thus, a correct dose measure- 


ment is impossible without knowing 


the radiation spectrum. 

As one cannot expect the customers 
of a film-badge service to provide the 
necessary information, it should be col- 
lected by the film itself. 
pose it is common practice to shield the 
film partially with different metal fil- 
ters. As long as the incident radiation 


For this pur- 


is practically monochromatic, the ab- 
sorption in such a filter is a reliable 
radiation 


measure of the spectrum, 


In most cases only one of the filters 
gives accurate results because the ab- 
sorption in the other ones is very small 
or nearly complete. The attenuation 
by this first filter permits an estimation 
of radiation spectrum to be made and 
the choice of the proper calibration 
film 

If the radiation is heterogeneous, the 


filter method is likely to fail For 


example, if the film has been exposed 
1,000-key 


rather in- 


simultaneously to 10- and 
X-rays 


effective in producing film blackening, 


both of which are 


the apparent spectrum may be that of 
homogeneous 100-kev X-rays to which 
As a 


result a wrong calibration film will be 


the film is much more sensitive. 
chosen, which leads to an appreciable 
underestimation of the dose. 

pitfall 
developed a rather laborious method 


To avoid this Dresel has 


that involves splitting up the dose into 
X-rays (1). 


Though offering an improvement in 


soft, medium and hard 
accuracy, this method does not obviate 
the fact that the variable 
X-ray films restricts their optimal use 


response ol! 
to limited energy ranges 

For this reason most manufacturers 
produce several brands of film. The 
more sensitive type is recommended for 
gamma monitoring. Unfortunately it 
is not always possible to restrict one’s 


exposure to one type of radiation, or 
even to know the origin of one’s dose. 
As an expedient, filters have been 


X-ray 


Deal et al. obtained a constant 


used to level the response ol 
films 
response to gamma rays with energies 
exceeding 200 kev by shielding the film 
on both sides with l-mm cadmium (2 

However 
energies below 200 kev is 


the filter. 


the decrease of response at 
enhanced by 
Hence such film badges can 
be used for monitoring gamma rays 
from radium and radioisotopes but not 


for X-ray dosimetry 





UAL VS 


Half-Value Layer 


FIG. 2. 





Relative response of Ilford film combination 





Relative 


0.05 0 Q2 05 


Half—Value Layer 


FIG. 3. 





mm Cu} 


Relative response of Gevaert film combination 
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Gevoert : 





r 10 
Half-Value Layer (mm Cu) 


FIG. 4. Ratio of shielded and un- 
shielded densities (D,/D,,) vs half-value 
layer in copper 


New Badge Design 


We have extended the range of 
onstant badge response to lower 
energies on the basis of the following 
onsiderations. 

When the film is used without a filter, 
its response has a flat maximum at 
ipproximately 100 kev. Outside this 
egion there is a gradual decrease to a 

gligible level. Consequently if we 
ise one film in Deal’s or a similar 
mounting and another film unshielded, 
there is a linear combination of both 

lensities that, the dose being kept 

mstant, does not depend upon the 

radiation spectrum beyond 200 kev, 
ind in a region around 100 kev. 

Because of the opposite behavior of 

films in the intermediate region, 
the gap can be filled satisfactorily if 
ippropriate films and filters are chosen. 

We have checked this idea with the 

iergies listed in the table for two 

ymbinations of commercially available 

ms 1) Ilford PM1 between filters 
| Ilford PM3 unshielded, (2) Gevaert 
ray between filters and Gevaert 
ructurix D4 unshielded. The results 
given in Figs. 2-4. 

The films were cut in 15 X 20-mm 
strips and packed in paper. The more 
sensitive film was between two 2-mm 
tin filters; the other film was on the 
front side of the badge. Though the 
shielded film was recognizable by its 
greater stiffness, it was convenient to 
mark it by a black spot in one of the 
corners. This was done by perforating 
all filters. 

\l| X-ray exposures were made 150 
m from the X-ray target. The 
gamma doses were calculated using 
13.5 mr/hr/me at 1 em for Co*® and 
3.4 for Cs'*7. The films are developed 
at 18° C in Agfa rapid X-ray developer 
for 2 min. Continued on next page 
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assures a FULLY LEAKPROOF packless vaive! 


This Sylphon Bellows elimi- 
nates valve stem packing 

. «makes Sylphon Packless 
Valves better. Extra thick, 
extra strength means long 
service life and... no leaks. 


The all metal, packless construction of Sylphon 
Packless Valves is your best guarantee of positive 
leakproofing under most any combination of con- 
ditions. These valves can cope with pressures up to 
500 psi or temperatures up to 1000°F. Available in 
many types and sizes made of metals suited to the 
severest corrosive conditions. Extensively used in 
chemical and nuclear energy service . . . especially 
recommended for handling hazardous liquids and 
gases and for vacuum service. 

Investigate how Sylphon Packless Valves can 
reduce maintenance and do a leakproof job for you. 
Write for new engineering catalog F-LV 


Kobortshaw Fulton 


" 
CONTROLS COMPANY 
aA 


FULTON SYLPHON DIVISION ~- Knoxville 1, Tenn. 
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PRINTING COUNTERS 


FOR POSITIVE, ERROR-PROOF COUNT RECORDING 


Model F272 


A STURDY. ABSOLUTELY @ A completely machined instrument with 
i St zs parts subject to wear of case hardened 
ACCURATE AND LONG-SERVICE steel, hard chrome plated. 


INSTRUMENT... COUNTING @ Exclusive parallel printing and visual 


| 
| registers yield count accumulation 
AND PRINTING ELECTRICAL | instantly and continuously. 
ON TAPE OR CARD. WITH | a Printing and resetting to zero 
simultaneously, or separately. 
AUTOMATIC RESET TO ZERO @ Counting rate 5 per sec. Reset and 
print 1 sec. For 110 VAC or 12 and 
| 24 VDC operation. 
| 
| 


@ The finest instrument of its class — 
yet half the price of any other 
printing counter! 


MADE BY ..» MANUFACTURERS OF THE MOST COMPLETE LINE OF COUNTING DEVICES IN THE WORLD! 


Write for our new catalog today PRESI = co 12128 W. PICO BLVD. 
@ LOS ANGELES 64, CALIF. 




















ny i a clbanins it aint sine 


Lelab metilwelled G-M tubes for anti-coincidence 
applications—where uniformity counts! 


Except for a glass bead insulator, Lelab Counter Tubes are constructed entirely 
of metal. The metal cylinder is used both as the envelope and the cathode. 


The restriction of all component parts within the diameter of the tube 
permits close stacking. Each counter is custom-built, filled, and tested in order 
to insure stability and uniformity. 


LELAB PROBE COUNTER TUBE FOR NEUROSURGERY 


(Robinson-Selverstone Type) 








Made especially for neurological surgery and other purposes requiring a minia- 
ture probe tube. The small needle-like probe provides an ideal way of measur- 
ing radioactivity in vivo and for probing small areas with a relatively strong 
field intensity. 

Write for complete information 


H. W. LEIGHTON LABORATORIES, York & Sunset Lane, Hatboro, Pa. 








CROSS SECTIONS 


This article starts on page 83 


All density measurements are made 
with a barrier-layer photocell and 
galvanometer. A _ direct reading of 
film density was obtained by providing 
the galvanometer with a logarithmic 
scale (base 3, in accordance with the 
sensitivity steps of the galvanometer). 
Thus an attenuation by a factor of 3, 
compared with the unexposed film, cor- 
responds to a density of 1 in our system. 

If we denote the densities of the un- 
shielded and shielded film with D, and 
D,, respectively, the optimal response 
curve for Ilford films is obtained with 
the density combination D = D, + 3D,. 

Figure 2 gives the results of six con- 
secutive experiments. The density 
D = D, + 3D, per dose unit has been 
plotted in arbitrary units against the 
half-value layer (HVL) of the radiation 
in copper. For HVL’s greater than 
0.08-mm Cu, the response varies be- 
tween the limits 0.8 and 1.2. Hence 
the error caused by the energy depend- 
ence of the films has been reduced to a 
maximum of 20%. 

For 0.5 r, the average value of D 
amounts to about 5. It is proportional 
to the dose to within 10% up to doses 
of about 1.2 r. 

Similar results are obtained with 
Gevaert films (Fig. 3). The most 
favorable density combination with 
these filmsis D = D, + D,. For0.5r, 
a value of D = 2.5 is found. 

While the response of the Ilford film 
combination is slightly more constant, 
the Gevaert films have the advantage 
that the sum of their densities is inde- 
pendent of the radiation spectrum. 
Hence the separate measurement of 
both densities is redundant. 

Though not of primary interest, it 
may be helpful to identify the source 
of the dose by an estimation of the radi- 
ation spectrum. This is possible be- 
cause D,/D, varies considerably with 
the radiation spectrum, as is shown in 
Fig. 4. As a rule of thumb, one can 
say that D,/D, is proportional to the 
half-value layer. As a matter of fact, 
this method fails if one or both densi- 
ties are too small to be measured 
accurately. In the first case we only 
know which end of the spectrum we 
deal with; in the second case the dose 
is so small that we can neglect the 
identification of the spectrum. 
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Simple, Inexpensive, Automatic 


Sample Changer and Recorder 


By E. S. KEMPNER and F. A. BISBEE 


Biophyics Department, Yale University 


Vew Haven, Connecticut 


simple, inexpensive automatic 


changer and recorder was 


lesigned for counting radioactive sam- 
that are on the surface of filter 


The samples are positioned with 


ne or vacuum grease on the cir- 
of a large drum, 35 in. in 


erence 





restrain the horizontal motion of the 
G-M tube, while allowing the carriage 
to ride free vertically on the drum. 

A 6-rph timing jmotor actuates a 
This 


switch controls a 3-rpm drive motor, 


microswitch once every 10 min. 


which changes samples in 7 sec. (A 


microswitch arrangement on the drive 


Drive motor 


Timing motor 








FIG. 1. 


meter and 4 in. thick. The drum 
a horizontal axis in a 


The G-M 


s held vertically in a carriage that 


yunted on 
as shown in Fig. 1. 


es on the drum surface, insuring 
it the face of the tube is a constant 
the 


becomes 


listance away from radioactive 


le; this 
eak emitters such as carbon-14 and 


critical for 
fur-35 
The G-M-tube carriage is made of 
;-in-o.d. tubing on a 
that shields the tube from radia- 
The plate is 
fitted with four Lucite wheels that are 
the drum. 
springs that attach the brass plate to 
bl the table 


1¢-in. brass 
tion from other samples. 


in contact with Two 


blocks of wood fixed to 
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Motor-driven drum provides automatic sample changer 


motor allows it to make only one 
revolution each time the timing motor 
actuates it.) The leather arm on the 
shaft 


pegs that are mounted at 5-deg inter- 


drive pulls successive wooden 
vals around the perimeter of the drum. 
In the event of jamming between the 
the the leather arm 


gives and the wheel is freed. A wiring 


arm and pegs, 
diagram is given in Fig. 2. 

The G-M tube feeds 
ventional scaler and 


The 


into a 
counts 
register 


con- 


tinuously. mechanical 


on the scaler was removed, and the | 


impulses from the last scaling circuit 
are fed directly 
2,000-ohm relay. 


Fig. 2, the drive motor feeds a 7-sec 


con- } 


into a 48-volt, d-c, | 
As can be seen in | 


American makes it easy 
to set up your own 


decontamination laundry 


The American Laundry Machinery Com- 
pany’s planning service and equipment 
make it easy for nuclear plants and lab- 
oratories to establish their own decon- 
tamination and laundry facilities. 

Our engineers, with years of experience 
in laundry planning for nuclear plants, 
will analyze your requirements and fur- 
nish complete plans and specifications for 
your installation. 


In addition, American’s automatically 
controlled, labor-saving equipment is par- 
ticularly suited for washing and decon- 
taminating clothing exposed to radioactive 
or toxic materials. 

For complete information on nuclear 
plant laundry equipment, call your nearby 
American representative, or write for 
Catalog 2642. 


You get more from 





Davison Nuclear Reactor Materials Plant, Erwin, Tennessee 


NEW. .» DAVISON AT ERWIN 


Makes Uranium and Thorium Metals 
Available In Tonnage! 


Located at Erwin, Tennessee, 
Davison’s new plant is the first of 
its kind constructed by private 
capital. Flexible in equipment and 
staff, this plant can supply whatever 


industry calls for in the way of 


uranium and thorium metals for 
nuclear power. 

The Davison plant offers the only 
completely integrated facility for 
processing concentrates through 
feed materials in the form of com- 


pounds and merals. 


Reduction furnace showing charge of thorium 
being removed in bomb-type retort. 
: 3 


sth & Bere 


Vacuum induction melting furnace can make 
1,200 Ib. uranium ingots, designed for alloying 
and special castings to 3,000 Ib. 


Metals and oxides are available 
with any Us3, content desired. Also 
available: UO., U;O;, ThO, and 
UO,-ThO, 

Davison at 
ready to serve the nuclear reactor 
industry. We welcome your inquiries: 


Erwin now stands 


DAVISON 


CHEMICAL COMPANY 
Division of W. R. Grace & Co. 
Erwin, Tennessee \g@. 
GRACE 


= 


“Wet” area where uranium and thorium mate- 
rials are processed in liquid media. 


Bottom view of 35-ft. high stainless steel, pulse- 
type solvent extraction columns originally 
developed by AEC. 


CROSS SECTIONS 


This article starts on page 87 


impulse to this relay every time the 
is changed. The relay con- 
110-volt, a-c 
extended the 


fitted with a ball-point pen. 


sample 


trols a relay with an 


arm, end of which is 
The pen 
rests on an adding-machine tape, which 
is pulled past the pen by rubber rollers. 
Sample changes appear as square 
pulses on the tape, while counts from 


the scaler are seen as single strokes. 


Wood pegO 


eather 5 























o scaler D-C relay ; ii. 
> P r - 


e . 








ques 


Recorder drive j 
mot f 





Pen relay 


FIG. 2. Sample-changer wiring diagram 
In this manner, the tape keeps a con- 
tinuous time record of the counts per 
sample and the sample changes. 

the 
samples, which are counted in a perio¢ 
of 12 hr. 


drums or a 


In our model, drum 


holds 72 
l 


Obvious modifications are 


larger continuous slow- 


drive mechanism for counting-strip 


chromatograms. 


* * * 


This work was aided by a grant from the 
U.S. Public Health Service 





Reprints Available 


Power Reactor Control 


(May Special Report) 
$1.25 


NUCLEONICS 


330 W. 42nd St., New York, N.Y. 
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NUCLEAR ENGINEERING NOTES 


Zircaloy vs Stainless: Although, as a reactor structural material, Zircaloy 
How Designers Fee| has favorable nuclear properties and is competitive 

with stainless steel on a cost basis for many reactor 
types, reactor designers still shy away from it. The main reasons for this are 
that its fabrication and performance are relatively unknown quantities. 

[his is the impression created by discussions in New York and Pittsburgh of a 
study by Manson Benedict for the Columbia-National Corp. (NU, April 758, 
p. 104 Participating were reactor designers and fuel fabricators. 

Benedict based his study on comparative-cost calculations for using Zircaloy 
and stainless steel for five reactors: NPD (Canadian GE), Sodium-Graphite 

teactor (Atomics International), Yankee Atomic Electric Reactor (Westing- 
house), Merchant Ship Reactor (Babcock & Wilcox) and Vallecitos Boiling Water 
Reactor (GE). 

Of particular interest were the comments of the designers of these reactors. 

Most of them have made similar studies. Generally their assumptions and con- 

lusions were in close agreement with Benedict’s. Thus, Zircaloy is economically 
feasible for permanent reactor parts and for cladding—except, in the case of 
cladding, for fuel enrichments above 4%. 

However, the designers feel that insufficient experience has been gained on the 
fabrication and performance of Zircaloy. This means that considerable develop- 

nt costs would be entailed in any application. 

Following are some of the designers’ remarks. 

NPD. W. B. Lewis (Atomic Energy of Canada, Ltd.) commented that because 

special concern about neutron economy in natural-U reactors, “we are more 

to pay a good price for Zircaloy if it meets a high metallurgical and corro- 
resistant specification and tight dimensional tolerance.”’ 

Yankee. In its considerations, according to Robert McGeary, Westinghouse 

placed a good deal of emphasis on the fact that Zircaloy is a more reactive 
erial than stainless steel.”” At the break-even price, they would choose 

ess since it is a more “sure-fire” material. Also, from their experience, 

feel that it would be difficult to evaluate how extensive a development 
gram would be necessary. 

Indicative of the lack of experience in working with Zircaloy, Benedict agreed 

Roger Coe (Yankee Electric) that fabrication costs of Zircaloy are probably 
cher than for stainless. However, there appeared to be no firm idea of how 
| higher the cost is. In his original calculations, Benedict had assumed that 
brication costs would be the same for the two materials. 

Nuclear Merchant Ship. The NMSR core is to be all stainless steel. Because 

the tight schedule and fabricability considerations, said Gerald K. Rhode 

3&W), any substitution of core materials is not anticipated. However, he 
pointed out that control-rod worth favors zirconium as fuel-rod cladding and 
fuel-element canning for a reactor of NMSR size and type (the NMSR element 
consists of 192 stainless-clad rods in an 8'4-in.-square stainless can). With zir- 
eonium cladding and canning, excess reactivity is greater for a given excess mass 
und increases at a greater rate with increasing excess fuel mass than in the case of 
stainless cladding and canning. Since the excess mass held down in a zirconium 
core may be almost the same as the excess mass held down by a stainless core and 
the conversion ratios are not too different, similar reactivity lifetimes will be 
obtained. 

Sodium-Graphite Reactor. R. C. Gerber (Atomics International) agreed for 
the most part with Benedict’s conclusions. However, Al would use Zr cladding 
twice the thickness of the stainless cladding. This brings the Zr cladding break- 
even price to $30/lb compared with Benedict’s break-even price of $57. AT is 

neerned about two technological problems associated with using zirconium in 
the sodium system: (1) grain growth of zirconium at the desired operation tem- 
perature (1,000° F) and (2) pickup of oxygen by zirconium at high temperatures 
and consequent embrittlement. For these reasons, operation is presently limited 
to 900° F. In the sodium reactor experiment at Santa Susana, equipment was 
added to the sodium system to keep oxide content down to ~10 ppm or less. 
On the other hand, stainless steel would not necessitate the temperature limita- 
tion nor the special treatment for oxides. Thus, stainless is presently favored | 
for the Nebraska sodium graphite reactor. 


Vol. 16, No. 6 - June, 1958 


NEW 
WRELIANCE 


SEA DISPOSAL 
CONTAINERS 





Shown above: 1 quart and 1 pint 5 curie liquid 
cobalt 60 containers with leak-proof stee! canisters. 








SCIENTIFICALLY ENGINEERED 
FEATURES 

@ Exclusive design for full 
lead shielding without exc 
Costs less to buy less t 


high density 
ess weight 
ship 





© Available in any size for 5 curies of 
solid or liquid cobalt 60 or equivalent 
Leak-proof steel canisters inc luded with 
liquid containers 


e Shipped complete with steel drum 
mounted on skid, lid, lead plug, instruc 
tions and all necessary labels Ready for 
immediate use 


© One biow to lead plug seals container 
permanently. No worries about leakage 

© Meets ICC55, Bureau of Explosives, U.S 
Coast Guard, and AEC regulations. Can be 
shipped by common Carrier at low rates 


© No cement or extrac 
sea disposal 


ontasners needed for 


© Can be used for Storage 
curies of “hot” materials 


of less than 5 











= 


Containers aiso available for disposal! of 
other radioactive materials. Reliance spe- 
cializes in lead casting and shielding, and 
fabricates to precise tolerances. Whatever 
your needs, rely on Reliance. Write for 
full information ...no obligation. 


IFRELIANCE 


INCORPORATED 
1210-18 ADAMS AVENUE « PHILA 24, PA 
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FIG. 1. 


for large boiling-water reactor. 


Two-dimensional plot of local-to-average power density 
Solid contour is for core with 
no inlet orificing; dotted contour is for core with inlet orificing 
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FIG, 2. 


Void-Induced Power Distortion 


in Boiling-Water Reactors 


By JOHN W. WEIL 


Atomic Power 


In any practical boiling-water re- 
actor design, the insertion of bubbles 
in the core reduces reactivity. Con- 
sequently, if bubbles are distributed 
nonuniformly throughout the core, the 
part of the core that contains the most 
bubbles will have the lowest reactivity 
and the power peak will tend to shift 
It is found 
the 


can 


away from that position 
that in this way steam 
core of a large boiling 


voids in 
reactor 
cause power-distribution distortions 
large enough to be of 
Because of these power 


engineering 
significance. 
distortions, the functions of engineer- 
ing and nuclear design are much more 
tightly coupled than is the case for 
other reactor types. 
fer and fluid-flow characteristics must 
be determined with the nuclear physics 
in mind, and the nuclear physics must 
consider the heat-transfer and fluid- 
flow characteristics. This is in 
trast with most other reactors where 
the power distributions can be esti- 


90 


Core-heat-trans- 


con- 


Eq sipment De pt., General Electric Co., San Jose, Califor nia 


mated fairly early in the design pro- 
cedure and where changes in fluid-flow 
and heat-transfer characteristics do not 
affect the nuclear design. 

Although the treatment of the prob- 
lem as presented here was developed 
as a part of the design effort for the 
Dresden station, the 


conclusions 


nuclear power 
the 


reached (see Figs. 1 and 2) are appli- 


examples used and 
cable to all boiling-water reactors of 
the same general size that use light 
water and the dual-cycle principle. 


Power-Distortion Conditions 


Much both 
and experimental, has been focused on 


attention, theoretical 
the dynamic effects of steam bubbles 
in the core of a boiling-water reactor. 
As a part of most of these studies the 
steam bubbles have been assumed to 
be distributed uniformly through the 
reactor core. This is an adequate 
approximation for the experimental 
reactors that have run to date, but it 


patterns shown in Fig. 4. 
dotted contour is with inlet orificing 








~ i ae 60 
Core radius (in) 


Steam void fraction contours corresponding to power 


Solid contour is without inlet orificing; 


is not adequate for large power re- 


actors. While the dynamic situation 
becomes exceedingly complex without 
this approximation, the static situation 
is capable of analysis and is of major 
the the 
internal characteristics of large boiling 


interest in investigation of 
reactors. 

To date, experimental investigations 
of the change in power distribution 
within a boiling reactor, caused by 
the presence of steam bubbles, have 
revealed only small power distortions 
primarily because of the comparatively 
small reactor core sizes involved. Ina 
reactor with a core approximately 4 ft 
high, the power distribution will shift 
slightly when the reactor is permitted 
to boil, but the shift is relatively in- 
significant and does not materially 
affect 
of the core. 


the engineering characteristics 


However, as the core size becomes 
with the migration 
length for thermal neutrons, the actual 
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large compared 
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Tibexperience in action 


y 
FEASON FOR PREFER™ 


kicsion under a blanket 


Part of a nuclear core —a blanket of 
uranium oxide pellets held in a bundle 
of Zircaloy-2 tubes made by Superior 


* Applications like this call for tubing that is special in every 
sense of the word. Zircaloy-2 tubing requires the highest skills 
in tubing manufacture. It is produced to extremely close 
tolerances, including those for concentricity, and with virtually 
no imperfections. High surface uniformity is needed and also 
ultraprecise dimensions. Any contamination by nitrogen, 
oxygen or hydrogen must be very low. It must also offer an 
excellent degree of weldability. 


Superior regularly produces small diameter tubing to meet 


these and other exacting specifications for the nuclear energy 
industry; our stainless steel tubing, for example, is widely 
used for fuel element cladding, heat exchangers, other acces- 
sory equipment, instruments, and mechanical processing 
applications. And our extensive testing facilities enable us to 
thoroughly check this tubing out before shipping it. Eddy 
current, ultrasonic, dye penetrant, and many other tests and 
inspection methods are available. 


For more data on the wealth of experience, facilities and 
trained personnel available to you for producing highly 
specialized tubing, write for a free copy of our Data Memo- 
randum #20 on “Tubing for Atomic Power.” Superior Tube 
Company, 2027 Germantown Ave., Norristown, Pa. 


Syoerir Jube 


The big name 


in small tubing 


NORRISTOWN, PA. 


All analyses .010 in. to ¥% in. OD—certain analyses in light walls up to 2¥% in. OD 
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OF THINGS THAT 
COME FROM NUCLEAR 


SCINTILLATION 
PHOSPHORS 











SPIRAL FLOW DETECTOR NES5O1 


This new product opens fresh avenues to 
and more direct methods for ntillation 


counting of alphas and betas Fabr 

spirally Gaal thin capillary of 
phospor NE102 This detector 
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core size will, in practice, be large com- 
pared to the minimum critical size for 
the lattice in question. Consequently, 
the core acts in many ways as if it were 
composed of a number of separate, 
loosely coupled nuclear systems. It 
follows that the power distribution can 
become severely distorted and that this 
possibility is of considerable importance 
to the design of a central-station power 
reactor core. At the same time this 
flexibility in power distribution offers 
an opportunity to the reactor designer 
to use these special characteristics to 
advantage. 

The dual-cycle system may introduce 
further distortions in power generation. 
Although the dual cycle permits higher 
specific heat extraction from a given 
boiling-reactor core, the fact that sub- 
water is introduced the 
bottom of the core causes the initial 


cooled into 
boiling boundary to shift up to some 
point toward the middle of the core. 
Similarly, the exit void volume fraction 
will become much higher than in a 
simple boiling reactor and there will be 
an increased tendency for the power to 
shift to the lower portion of the core. 
Depending on the reactor design, this 
may or may not The 
discussion here will attempt primarily 


be desirable. 


to provide an understanding of the 
characteristics of such a redistribution 
of the reactor power. 


Power-Distortion Analysis 


To understand how to calculate the 
voids on the 
heat- 


boiling-water 


influence of the steam 


power pattern consider the 


transier sequence in a 
reactor core. As water is introduced 
into the bottom of the core and flows 
upward through the cooling channels, 
heat 
position from the bottom of the core. 
Normally, this 


will depend on the radial position of 


is added to it as a functon of 


function of position 


the coolant flow channel in question. 
a flat 
radial power distribution; that is, the 


For the time being we assume 


composition of the steam-water mix- 
height. As 


energy is added to the water it is first 


ture is uniform at each 
warmed and then, after reaching the 
saturation point, begins to develop a 
of bubbles. As the 
energy content is increased, the bubble 
the 
energy content is increased the velocity 


volume fraction 


volume increases. Similarly, as 


of the steam or water will increase 


see Fig. 3). 


With this information and a first 


€ a 


Steam velocity 


Velocity (ft/sec) 


Water velocity 


5 5 10 
Energy input (10 Btu/tf/sec) 


FIG. 3. Steam and water velocity in a 
vertical coolant channel as a function 
of the energy absorbed in moving up 
the channel (starting at the boiling 
boundary). A constant difference of 
4 fps was assumed between the steam 
and water velocity (steam slip velocity) 


the 
distribution, it is possible to integrate 


approximation to reactor power 
the power distribution up the reactor 
to any given height and thus determine 
the steam concentration at that height. 
The resulting distribution of steam 
voids in the reactor core may then be 
used as the basis for a calculation of 


the reactor neutron flux distribution 
corresponding to that void distribution. 
This will produce a second approxima- 
tion to the power distribution that will 
the 


This iteration proced- 


normally not agree with initial 
approximation. 
ure can be continued until a set of self- 
consistent power and void distributions 
results. 

Needless to say, 


procedure since it involves not only the 


this is a tedious 
usual several-group calculation of re- 
actor flux and power for a nonuniform 
reactor core but also involves integra- 
tion of the reactor power distribution 
changes of reactor 
the 
must be re- 


and appropriate 


composition to match resulting 
This evel 
peated many times even for the very 


We 


have found it necessary to develop a 


distribution. 


simplified case discussed here. 


‘ries digital machine 


computing 
the 


iteration procedure with greater speed 


programs to carry out over-all 
and convenience. 

The situation is further complicated 
for a large light-water reactor in that 
the flux and power solutions for a given 
reactor composition converge very 
the 


Consequently, fairly sophisti- 


slowly when reactor leakage is 
small. 
cated numerical-analysis acceleration 
tec hniques are needed to force conver- 
sion of the power and flux iterations in 


a reasonable length of time. 


Typical Results 

Using the iterative procedure we can 
derive the perturbed power patterns 
for typical situations. Take, for in- 
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the nonboiling power distribu- 
in a small, low-enrichment boiling 
or, similar to those already put 
This is the distribu- 
for the reactor in the hot condition 
the 
Upon going to full power boiling op- 


operation. 


just prior to onset of boiling. 
ration our calculations show that the 
pattern will shift as shown in Fig. 4. 
There is a noticeable, but relatively un- 
portant, change in the power dis- 
tribution. The power peak has shifted 
somewhat and the peak-to-aver- 

ige power has increased from 1.36 to 
1.42 
major design consequences. 


Neither of these changes has any 


The corresponding power distribu- 
for an extreme case of a large, 
designed dual-cycle reactor are 
different. The 
wer distribution is depressed con- 


(See Fig. 5.) 

rably toward the lower end of the 
re and the peak-to-average power has 
Because of 


sharply increased. 


lual-cvcle operation, boiling does 


vegin until approximately halfway 
The void content builds 


4] 
he core. 


rather rapidly just above that point. 
1 4-fps inlet velocity the steam 
it 12 fps and the saturated water 
fps. 
this model of a boiling-water 
tor is already quite complicated to 
ite it is, unfortunately, not ade- 
ite to permit design of large boiling 
tors. Contrary to our assumption 
radial power distribution is not 
ind the composition of the reactor 
fo:2 not uniform at each height. 
innels toward the outer portion of 
ore will have a lower total power 
neration resulting in a different void 
ribution there than in the center of 
ore. Thus the normal approach 
hich radial or axial power distribu- 
are separable breaks down and 
must consider power distributions 
irge boiling reactor on a true two- 


( nsional basis. 


2-D Calculations 


Let us look at two sets of two-dimen- 

calculations made for a reactor 
Figure 
ws the power distribution for the 


ir to the Dresden station. 


ise where the inlet-water velocity is 
mstant as a function of radial posi- 
Note again the tendency for the 

ver distribution to shift down and 
the tendency for an inherent radial 
lattening of the power distribution. 
over-all (combined radial and axial) 
eak-to-average of 4.0 is observed for 
case. The corresponding void dis- 
Note the 
deep penetration of voids into the cen- 
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bution is shown in Fig. 2. 





Hot, nonbouli 
(zero power 


Boiling 
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20 3x0 40 50 
Core height (in) 


FIG. 4. Comparison of axial power 
distribution with and without steam voids 
for smali boiling-water reactor 


ter of the reactor core and the fact that 
some of the external channels never 
boil at all. To correct this condition 
orifices were placed at the bottom of 
each flow channel to restrict the flow 
The 


orifices were sized to produce a con- 


into the outer regions of the core. 


stant exit steam quality in the case 
The resulting power 
with the 
previous one in Fig. 1. It is somewhat 
less flattened on the top and shows a 


just examined. 


distribution is compared 


more normal behavior. The associ- 
ated void distribution in Fig. 2 shows 
considerable change, pointing up what 
It should 


be observed, however, that the orifices 


can be done with orificing. 


have not produced constant exit steam 
quality primarily because of the shift 
in the distribution. 
quently, further attempts would be 


power Conse- 
necessary to achieve the specified con- 
stant exit quality condition. 

Another point of interest is that for 
the same total reactor power output 
there is less reactivity represented by 
This is 


so because the deep penetration of the 


voids in the orificed reactor. 


steam voids into the central, high- 
statistical-weight region of the reactor 
has been eliminated by redistribution 
of the flow. This 
neutron streaming—and, hence, leak- 
age—and raises the k. of the high 
statistical weight regions of the reactor. 
Presumably then, the void-reactivity 
characteristics of a 


coolant reduces 


given boiling 
reactor may be varied at the option 
of the reactor designer or operator 
to produce the most favorable design 
characteristics. 

As discussed above, one-dimensional 
axial calculations are tedious and 
necessitate special computational tools. 
The two-dimensional problem is more 
complex by an order of magnitude. 
While the 
carried out by performing the neutron 
diffusion existing 


two-dimensional machine techniques 


calculations shown were 


calculation using 


and performing the power integration 
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and the composition changes by hand, 
the amount of effort involved was 
prohibitive for extended design appli- 
cations. It has been found necessary 
to produce a special, high speed, digital 
computer program that evaluates boil- 
ing-reactor power distributions in both 
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(zero power 
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FIG. 5. Comparison of axial power 
distribution with and without steam 
voids for large boiling-water reactor 


the static and quasi-static time-depend- 
ent cases. This program is just now 
undergoing its initial operation and will 
take 30-90 minutes of machine time to 
calculate two-dimensional boiling-re- 
actor power distributions. With this 
program a large boiling reactor may be 
designed for maximum economic per- 
formance by tailoring the power distri- 
bution by means of orificing, control 
rod scheduling, or lattice and enrich- 
ment variation. 


* * * 


This paper represents the combined efforts 
of a large number of peeple within the Atomic 
Power Equipment Dept. of the General Elec- 
tric Co. In particular, acknowledgements 
are made to P. Cabral, G. Keirns, and D. V. 
Steward for their extensive efforts in carrying 
out many of the calculations. 
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Water-Channel Peaking Factors 


By R. W. DEUTSCH 


General Nuclear Engineering Corp., 


For light-water reactors loaded with 
metallic fuel elements, the presence of 
channel adjacent to the fuel- 
moderator region introduces a power 
at the channel boundary. Such 
peaking has considerable effect on the 
burnout character- 
istics of fuel elements in the vicinity of 
the channel the 
local neutron flux may be considerably 
higher than the 
a possibility of boiling as well as a high 


a water 
pe ak 


heat-transfer and 


boundary. Since 


average flux, there is 


fuel burnout. 

Water channels are present in reactor 
designs for many reasons. In loading 
it is desirable to insert the 
fuel in bundles or unit cells rather than 
so that large 
between 


a reactor, 
as individual elements 


open water spaces appear 
Also, if the reactor is rod 


controlled, water channels will appear 


bundles. 


upon the withdrawal of control rods. 
The effect of the channel for the two 
cited minimized by 
reducing mechanical tolerances as well 


ases can be 
as putting tails on the control rods. 
these 
ost and complexity of the mechanical 
For this would 
like to live with water channels especi- 


However, measures add to the 


design. reason, one 


ally in high-performance reactors where 
the thermal margin may be 
Therefore, the reactor designer must 
be able to calculate both individual 
and collective channei effects. 

the mathe- 
even for one energy 
a complex geometry that 
contains corners such as a Y-shaped or 


small. 


Unfortunately, precise 
matical solution, 


group, of 


ross-shaped channels surrounded by 
other numerical 
solution or series solution of slow con- 
Such while of 
the 
time 


channels involves a 


vergence. solutions, 


great value in understanding 


general problem, are extremely 
onsuming and the physics is apt to be 
lost in the algebraic manipulation. 
As an alternative we offer here a simple 
prescription that provides certain de- 
sign criteria to evaluate peaking of 
intersecting slabs in a complex ge- 
For example, this prescrip- 
indicates that under some con- 


it is desirable to increase the 


ometry. 
tion 
ditions, 
number of channels or possibly widen 
channels in order to optimize 
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some 


Vol. 


Dunedin, Florida 
peak to average fluxes throughout the 
reactor core. 


Deriving the Prescription 


Simple one-velocity diffusion theory 
and physical arguments are used to 

treat each slab channel as a linearly 
independent presence 
contributes a current at the channel 
interface that perturbs the existing 
flux. Structural material at the inter- 
face is assumed to be a low neutron 
absorber and treated as a void. In 
addition to the slab 
channel and its neighboring channels 
increase the average flux in the fuel- 
moderator which may reduce 
significantly the peak to average flux. 

Diffusion Equation. The one-veloc- 
ity diffusion equation is solved in an 
infinite fuel-moderator region (assum- 
ing a homogeneous composition) 


whose 


source 


causing peaks, 


region 


—DV*e + 2.¢ =S (1) 


D is the diffusion 
the macroscopic absorption cross sec- 


coefficient; =, is 


tion and S is the source or slowing 
down density. In an infinite region 
the slowing down density is equal to 
~.¢0 Where ¢o is the unperturbed or 
flux distribution prior to 
the insertion of a slab water channel. 
Since Eq. 1 is linear, then for a one- 
dimensional slab in an infinite medium, 
the flux arising from the source in the 
fuel-moderator van be treated 
independently of the flux arising from 
the presence of the channel so that the 
final flux distribution is the linear sum 
of two fluxes 


asymptotic 


region 


g = go + Aen*/t 2) 


where L is the thermal diffusion length 
and A is a constant to be determined by 
the current condition at the boundary 
and is measured from the channel 
interface. 

An expression for A 
assuming that the channel is an infinite 
plane of zero thickness. This will 
be a good approximation for a real 
channel whose width is much smaller 
than a diffusion length (2.73 em at 
68° F) which intersects other 


can be derived 


and 


channels at distances greater than a| 
fuel | 


few diffusion lengths in the 
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WATER-CHANNEL flux peaking effects. 
(a) Single channel in infinite medium 
(cross-hatched region) causes flux peak 
at channe! but does not cause signifi- 
cant change in average flux level. (b) 
Channels with finite spacing cause both 
flux peaks and raise level of average 
flux 


region. The absorption of neutrons 
within the slab region is ignored be- 
cause the absorption is usually very 
much smaller in the channel than in 
the this 
would make the problem much more 
difficult. Omission of the absorption 
acts as a safety factor in that the 
calculated peaking factor will be some- 


fuel-moderator region and 


what higher. 
Channel source strength. 
neutrons slow down primarily by colli- 


Since 


sion with hydrogen atoms, the slowing- 
down density in the channel region is 
assumed to equal the slowing-down 
density in the fuel-moderator 
times the water volume fraction in the 
channel F¢ divided by the water volume 
fraction in the fuel-moderator region Fy. 
Thus, the source is simply (F'¢/F r)Z.¢0. 

Channel-boundary current. The 
total current from a single thin slab 


region 


will be the slowing-down density times 
t, the thickness of the 
one half of this current will flow in one 
Thus, the current at the 
interface is 14(Fc/Fr)Z,¢o0. Satisfying 
the current continuity condition at the 


water slab; 


direction. 


boundary, permits the evaluation of 
1 in Eq. 2 


t Fo 
OL Fy 


A= 
Thus the expression for the peak to 
average flux or power for an infinite one 
dimensional slab in an infinite medium 


is 


t FP, 
=]+ 


je QL F; 
intersecting Channels 


For intersecting channels, each chan- 
nel is again considered to be a linear 
independent source so one can simply 
add the contributions of each source. 
Thus, the expected flux for two crossed 
channels, each of thickness ¢, at the 
= oll + 


point of intersection is, ¢ 


(t/L)(Fc/F x)]. 


tion for an odd number of semi-infinite 


To generalize this solu- 


channels, one can assume that the flux 
at any point along a line bisecting an 
infinite channel is the sum of fluxes 
Taking 
one half-infinite plane away reduces the 
Assuming the semi- 


from each half infinite plane. 


flux by one-half. 
infinite slabs to act independently of 
each other the flux at the point of 
intersection of m identical semi-infinite 


slabs of thickness ¢ is 
(: , mt rc) 
>| 


For a Y channel, the solution is 


(: 3 t Feo’ 
YY = Lo + . 
; tL -) 


Finally, a further generalization can 


be made to account for the case of 
unequal width semi-infinite channels. 
The general expression for the peak-to- 
average flux at the point of intersection 
of A 
a thickness f 


semi-infinite channels each with 


L Fy 


+ 
11 F, 


Finite Geometry 


The previous arguments are for slabs 
in an infinite medium. The increased 
flux or power produced in the fuel- 
moderator region because of channel 
has a negligible effect on the over-all 
flux. However, if another 
channel is in the vicinity, the average 
flux is increased. Thisis illustrated for 


the parallel channel case in the figure. 


average 


The introduction of another slab at 
distance >3L (so that Eq. 2 is still 
does not affect the peaking at 
the initial channel but does increase the 


valid 


average flux and so decreases the peak 
To evaluate this effect, 
a set of parallel 


to average. 
consider the case of 
slabs of thickness ¢ separated by a 
distance 2y. 

tenormalizing the flux so that the 
same total power is produced between 
the two channels as was produced with 
no channels gives rise to.a renormal- 


ized peak-to-average flux 
*) 1 + (t/2L)(Fo/Fr) 6 
= (6) 
N 1 + (t/2y)(Fc/F Fr) 
In the above expression as y goes to 
infinity, (¢/¢go)~ approaches the value 
To 


apply this renormalization concept to 


for a slab in an infinite medium. 
a complex geometry, one can interpret 
the denominator of Eq. 6 as 

1 + Voc/Vr 
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where V¢ is the volume of water in the 
channels and Vy is the volume of water 
in the fuel-moderator region. Thus 
one can generalize this renormalization 
factor to complex geometries and arrive 
at the final expression for the peak to 
average flux or power 
N 
1+ (Fc/4LFr) ¥ t; 
ee 
5= 1 
Vi 
L = 
Ve 
\ similar expression for a cylindrical 


water channel of radius R is : 


R F, me (7) 


Y OLFs ic (") 


Ve 
Sa 
Ve 


(S) 


that Eqs. 7 and 8 are only a 
tion of the geometric configuration 
one nuclear parameter, namely the 

thermal-diffusion length. 

Equations 7 and 8 are derived from 
fusion theory and it is generally 
nowledged that one should not 
diffusion theory at boundaries. 
\lso, numerous assumptions have been 
ide in the derivation so that while 
these equations should be qualitatively 
orrect, it would seem remarkable to 
et high accuracy. Nevertheless, 
seem to be able to predict peaking 
cts for the few cases* where it has 
hecked to within the experi- 
al accuracy of the measurements. 
reason for such good agreement is 
lear except that diffusion theory 
lly gives good answers when it is 

lid everywhere within a region. 
Also Eqs. 7 and 8 assume that the 
structural material that defines the 
hannel is such a poor neutron absorber 
it it ean be treated as a void. How- 
er, if stainless steel is the structural 
terial, the absorption of the steel 
yuld greatly reduce the current from 
the channel depending on the thickness. 
Thus, one can eliminate channel peak- 
ng using an absorbing material be- 
tween the water and the fuel-moderator 
region but at a cost of increasing the 


fuel loading. 


Applications 


Most reactors have a_ periodic 
geometry so that there is usually no 
difficulty in dividing the core into 
unit cells. If one considers a point 
adjacent to the control rod channel 


* Involving classified work. 
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Mode! NT-604 — Hermetically sealed heli-arc welded stainless steel 
case. Radiating face: 27 sq. in. Effective plane of radiation: 40 to 50 
sq. in. (approx. 10” x 5”). Effective cavitation of volumes: up to 1200 
cu. in. at 24” tank height (5 gal.) and 2400 cu. in. at 48” tank height 
(10 gal.). Swagelok tube fitting on side or end for internal tank wiring. 


Mode! NT-605 — Same as NT-604 except for bulkhead fitting on back 
for external wiring. Eliminates electrical conduits in solutions 


ih 


Now you can say a to Pp i icals, solvents, and 
degreasing equipment... reclaim valuable floor space... eliminate 
high installation costs...just by installing a Narda Series 1500 
SonBlaster. At the same time, you'll get better, faster cleaning, 
and you'll need fewer people to do the job! 


Get the tremendous activity of the new 200-watt Narda SonBlaster, 
with the largest transducerized tank ever made, at the lowest price 
in the industry! Choose from transducerized tanks or submersible 
transducers for use in any arrangement in any shape tank you desire. 
Up to 4 submersible transducers can be easily operated from the 
same generator at one time; load selector switch provided — an exclu- 
sive Narda feature. 


Simply plug the SonBlaster into any 110-115 V AC line, and flip the 
switch. In seconds, you'll clean ’most any mechanical, optical, electri- 
cal, medical or horological part or assembly you can think of. Perfect, 
too, for brightening, polishing, radi tiv inating, pickling, 
quenching and plating; emulsifying, mixing, sterilizing, impregnat- 
ing, degassing, and other chemical process applications. 








Mail the coupon for free help in determining the model that's best 
for you. 


The Narda Ultrasonics Corporation 
The SonBlaster catalog 118-160 Herricks Road 
line of ultrasonic cleaning Mineola, L. |., New York 
equipment ranges from 35 Department N-6 
watts to 2.5 KW, and 
includes transducerized 
tanks as well as immersi- 


bie transducers. If ultra- 


| 

| 

Gentlemen: 
| 

sonics can be applied to [] Series 1500 SonBlasters | 
| 
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l 

an 
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Please send me more information 
about 


help improve your process, C) The complete Narda line 
Narda will recommend the 

finest, most dependable i 

equipment available — and 
at the lowest price in the 
industry! Address. 
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City 
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Specialists 


Hollow Bored 
and Honed 
COMPONENTS 


for ATOMIC POWER APPLICATIONS 


AHB works in high temperature—high pressure alloys and stainless 
materials to specified accuracy—tested and certified to meet rigid 
Nuclear Power specifications. AHB bores and hones up to 16” LD. 
and lengths in excess of 30 feet. 

Send your bored and honed part specifications to AHB, for that 
is our exclusive business—day in, day out. 

A telephone call to Erie 2-3664 will answer immediate questions. 


WHIERNAL 
oo “Muy, A recognized and approved source 
Y, 


ey in the growing Nuclear Industry 


AMERICAN HOLLOW BORING CO. 


1948 Raspberry St., Erie 4, Pa. 








During the past 6 years, the proven performance of the EKCO Model 1079-C Vibrat- 
ing Reed Electrometer has made it preferred by actual users, both here and abroad. 
Low in cost, compact, rugged and easily serviced; its high, full-scale sensitivity and 
inherent stability makes the EKCO Model 1079-C ideal for all applications involving 
small current and voltage measurements. 
mv, day-to-day. 
0.03 uua full-scale reading @ max. 
RANGES: 0-30, 0-100, 0-300, 0-1000 mv. 
INPUT: Internal, switch-controlled, 10°, 10”, 10” ohm resistors. 
Operates with 1 ma or 100 mv recorder. 
110/120 or 200/250 v, 40/60 cps, 40 w. 
Only 29 ibs., complete with cables. 


Write TODAY for data on EKCO’s complete line of nucleonic test equipment 


AMERICAN TRADAIR CORP. 


34-01 30th Street, Long Island City 6, N. Y. ° Dept. N6é 
U. S. SALES & SERVICE for 
EKCO ELECTRONICS, LTD., Essex, England 
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near the center of the reactor where, 
because of radial and axial flux peaking, 
the temperature of the fuel or of the 
coolant is very close to the maximum 
design value, then it is desirable to 
minimize the channel peaking factor 
at this point. For example, a cross- 
shaped channel with equal-thickness 


arms, the peak to average is 


t/L)(Fc/Fr) 
Ve/Vr) 


In principle, one has several parame- 
ters to vary for optimization; ¢, L, 
F./Fy and finally the total number and 
width of channels per unit cell. How- 
ever, the latter is the only one that can 
vary without upsetting the entire 
reactor calculation. Two typical con- 
ditions are the following: 

a) If the fuel loading, metal-to-water 
ratio, and cell geometry are fixed and 
the control-rod thickness is fixed for 
control reasons, then the width of the 
control-rod channel with appropriate 
clearance is also fixed. Changing the 
distance between cells is the only way 
left to change the ratio of water in the 
channels. If the cells are in a square 
array with the cross-shaped channels 
between cells, then the cell spacing 
should be equal to the control-rod 
width. If cell spacing is made greater 
than the control-rod width, the worst 
peaking point will shift to the inter- 
section of cells and the peak-to-average 
will not be optimum. We have 
assumed that the radial peaking 
factors are the same over a cell. If 
the cell is large enough so there is 
significant variation in these factors 
or channels first appear away from the 
center of the reactor, this information 
must be factored into the analysis. 

b) If for condition (a) the peaking is 
still too large, one can insert tails 
(metal filler) of low neutron absorption 
as the rods are withdrawn and reduce 
the total water thickness of the control- 
rod channel. In this case, the inter- 
cell spacing should be taken as the 
total water thickness of the control-rod 
channel, 

The prime function of Eqs. 7 and 8 
is to give physical insight into the 
parameters that govern the magnitude 
of peaking. In addition, they can be 
used in reactor calculations, both hand 
and machine, by considering the re- 
actor as homogeneous and _ super- 
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imposing the detailed channel peaking. 
In some calculations, to calculate re- 
activity accurately the water channel 
can be treated as a separate region but 
not 


necessarily with the appropriate 


geometry. Then the resulting power 
tributions can be smoothed out and 


7 or 8 used to superimpose the 


appropriate peaking. As an example 
for reactivity purposes a cross channel 
in the center of a cylindrical reactor 
can be mocked up as a cylinder. 
To get the peak flux, the peaking 
caused by the cylindrical channel would 
be subtracted out and a cross-channel 
peaking factor superimposed. 


Bigger and Better 


Swimming-Pool Reactors 


By PAUL N. GARAY 


itomic Power Equipment Department, General Electric Co.,* San Jose, California 


The trend toward higher fluxes and 
onsequent higher powers in swimming- 
ol reactors has placed new problems 
before those charged with the design of 
nonnuclear parts of thesystem. From 
the many solutions that have been 
amined, I have chosen a few that 
may prove stimulating to others active 


n this area. 
Radioactivity Problems 


\ limitation to successful high-power 
the gamma _ radiation 
caused by Na** in the pool. Consider- 


operation is 


able Na*‘ activity has been found in the 
Bulk Shielding Reactor (BSR) and in 
Materials Testing Reactor (MTR) and 
may be expected in the coolant of any 
reactor using aluminum in the core. 
The Na*4 
irradiation of the aluminum with the 
reaction Al?7(n,a) Na*4 (15-hr half-life). 
2X 10-° 
Na‘ in the average pool will result in a 


is produced by fast-neutron 


\ concentration ppm of 
gamma dose rate at the pool surface of 
60 mr/hr if the reactor has been oper- 
ated at full power 8 hr a day for 5 days. 
The removal of this isotope from the 
water by a by-pass demineralizer 
should not be considered as an easy 
solution to the problem. Even assum- 
ing that all the Na** can be removed in 
a deionizer, some 50 gal/see of water 
must pass through the device to main- 
tain acceptable radiation levels. 

It has also been suggested that Al** 
Mg?’ will contribute considerable 
activitv to the pool, (315 mr/hr, at 


and 
equilibrium). Even though these will 
decay to tolerance conditions within 


* Present ApprReEss: Rogers Engineering 
Co., Inc., San Francisco, California. 
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15-90 min after shutdown of the reac- 
tor, they will constitute a problem dur- 
ing operation. 

Another limitation on the operation 
of the swimming-pool reactor at high 
powers is the activity that is to be ex- 
pected from the N'* in the pool water. 
The BSR had some difficulty with N** 
radiation at power levels near 1 Mw 
that was partially solved by the instal- 
lation of a diffuser arranged immedi- 
ately above the core. This 
limited the migration of N'* to the sur- 
face of the pool. With the short half- 
life, the brief holdup allows sufficient 


device 


decay of the activity to prevent a seri- 
ous hazard at the water surface. 

In view of all of these radiation ef- 
fects, it would appear that swimming- 
pool reactors cannot be operated at 
higher power levels than about 1 Mw. 
However, if suitable measures are taken 
the problem can be overcome to a large 
degree. Some of the possible measures 
include: 

eA diffusion mechanism just above 
the core to limit cooling water circula- 
tion. 

e Protecting the operator with shield- 
ing or taking him off of the bridge and 
putting him beside the pool instead of 
over it. 

eA cover over the pool during high- 
power operation. 

A metal-plate baffle just above the 
core will, of course, provide a relatively 
stagnant blanket of water over the 
baffle that will inhibit circulation up 


to the surface. Consideration also 


could be given to the use of a lighter- | 


than-water liquid blanket that would 
attenuate radiation and, at the same 
barrier to prevent 


time, provide a 


STONITE CUSTOM-MADE COILS 
COVER THE WIDEST SIZE RANGE 
— FROM THE TENTH OF 
A POUND TO A TON! 


Here are two examples of this 
cycle, illustrating Stonite’s versatil- 
ity and manufacturing know-how. 


Proven high-quality manufacturing 
materials, outstanding service fa- 
cilities and prompt deliveries are 
of equal importance in Stonite’s 
picture. For coils, mite to man size, 
you can depend on Stonite. 


Write today, describing your re- 
quirement or request that a sales 
engineer call. 

PAPER SECTIONS » FORM WOUND 
LAYER WOUND + BOBBIN WOUND 
PRECISION WINDING 
HIGH TEMPERATURE COILS 
COPPER AND ALUMINUM CONDUCTORS 

‘ 


. 
tonite con. core. 


Route #25, Yardville 10 New Jersey 
JUniper 7-7323 
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Shippingport 
AEC-Duquesne 


Westinghouse Cheswick Pjant 
Atomic Equipment Department 
Atomic Fuel Department 


Westinghouse Blairsville 
Metals Plant 


@, 


Westinghouse Educational Center Westinghouse Research Center 


Lectures and Engineering Courses & 
Mellon institute 
University & 
of Pittsburgh *% 


Carnegie Institute 
if Te hnology 


Westinghouse 
Atomic Power Department 
(Commercial Application) 


Westinghouse East Pittsburgh Plant 
Heavy Manufacturing Materials Engineering 
Nuclear Controls & Instruments 


Computing Center ® 


Gateway Center 
Westinghouse 
Corporate Headquarters 


4EC-Bettis Plant 
Operated by Westinghouse 


Atomic Power Plant . 


a 


AEC-Clairton Plant 
Operated by Westinghouse 
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Waltz Mill 


Westinghouse Reactor Evaluation Center 


Westinghouse Testing Reactor 


Commercial Atomic Power 
at Westinghouse places at your fingertips— 


nation’s greatest concentration of atomic power activity 


The Atomic Power Department of Westinghouse places the vast 
facilities of the NUMBER ONE company in atomic power right 
at your fingertips. Here in Pittsburgh is the nation’s greatest con- 
centration of nuclear plants and experience . . . everything to im- 
plement your job in all-commercial atomic power pioneering. 


5 Commercial Atomic Power Programs Now Under Way 

1. A 150-megawatt homogeneous reactor for the Pennsylvania 
Power & Light Co. 

2. The first industry-owned testing reactor for nuclear-materials 
study. (Owned by Westinghouse. ) 

3. A 134-megawatt reactor for Yankee Atomic Electric Co. 

4. A 134-megawatt atomic plant for Edison-Volta, Italian power 
company. 

5. An 11.5-megawatt pressurized water reactor for Belgium. 

Also research, analysis, and development of advanced reactor 

types . . . and more programs, national and international, are 

coming in. 

Immediate openings in the Pittsburgh area for: Metallur- 

gists. Physicists. Ceramists. Mechanical Engineers. Chemists. Nu- 

clear Engineers. Instrumentation & Control Engineers. Atomic 

experience desirable but not necessary . . . we’re not dependent on 

government subsidy . . . opportunities for advanced study on com- 

pany fellowships. 

Send resumé to: C. S. Southard, Westinghouse Atomic Power 

Department, Box 355, Dept. C-1, Pittsburgh 30, Pa. 


Westinghouse 
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water from circulating to the surface. 

Such a liquid would have to be 
optically clear, nonmiscible with water, 
chemically stable, possessed of a high 
flash point, noncorrosive to metals in 
the system, and, of course, lighter than 
water. Several liquids are available 
that might be used for this purpose: 
some high-carbon alcohols, oleic acid, 
the higher ketones and various mineral 
oils. A 3- or 4-ft-thick layer of such 
liquids should have a very marked 
effect on the radiation level at the pool 
surface. 

Some swimming-pool reactors have 
the control console mounted on a roll- 
ing bridge. By proper design of the 
control and instrumentation circuits, 
the console can be mounted on the floor 
besides the pool. This will allow the 
use of a lighter rolling bridge, and the 
operator will not be sitting over a hot 
pool. A moving-arm jib crane on the 
bridge would permit the elimination of 
the auxiliary bridge usually provided 
and still provide a means for suspend- 
ing objects in the vicinity of the core. 


Pool Structure 


The large concrete structure of the 
pool poses some problems that have 
been indifferently solved so far. Good 
design should include concentric rein- 
forcement around all penetrations. 

The construction joints between suc- 
cessive days’ pours should be carefully 
made. A 3-in. layer of grout of the 
same water-cement ratio should be de- 
posited first and each subsequent 
placement started on a horizontal joint. 

Shrinkage. Volume shrinkage of 
new concrete can be minimized by 
selecting cement for its shrinkage char- 
acteristics based on mortor specimens 
made with approximately the same 
water-cement ratio as is to be used on 
the job 

The mineral character of the aggre- 
gates will affect shrinkage; hard, dense 
materials will shrink but little, but 
sandstone mixtures may shrink quite a 
bit. The largest possible aggregates 
should be used, and the amount of 
water used should be kept to the mini- 
mum required for plasticity. The 
cement content should be kept as low 
as is compatible with strength require- 
ments, and the whole should be mixed 
for as long a period as possible. 

Each pour should be not more than 
10 ft in any dimension, and about 10 
days should be allowed between con- 
tacting pours. The concrete should 
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be cured promptly; the worst shrinkage 
is caused by excess water in mixing and 
too much water loss during curing. 
Leakage. The possibility exists 
that leakage will occur around penetra- 


tions or inserts that have been inserted 
und grouted in openings provided in 
previously cast concrete. To prevent LABORATORY FURNITURE & EQUIPMENT 
leakage, it is best that all pipes and 


inserts be cast directly into the con- offers NEW 


ete, or alternatively, that the grout- / 
COMPREHENSIVE , 


ing be done with an expansive cement. 
Pipe penetrations in the pool and CATALOG 
elsewhere should not be caulked with 
ead but with a mixture of asbestos and 
stainless-steel wool. Lead-bearing 
1ulking materials can release lead to 
the pool water that will cause pitting 
the aluminum-clad fuel elements. 
In addition, the pool should be lined, - 
not only to prevent leakage or seepage, SLQCIerasl 
Units by DURALAB are 


but to prevent surface absorption of 
: on your Manuf. of easily combined to 
radioactivity, which would provide a letterhead afacturers suit aan laboratory 


decontamination problem. Tile is an soupiataly A COMPLETE LINE OF need, offering custom 
leal material but is expensive. Some a SUPERIOR QUALITY nares Feniee © 

organic coatings are now on the market e su 

that show considerable promise for this ‘ TABLES CABINETS Inquiries receive prompt at- 


purpose ° CASES ’ FUME HOODS tention. Planning services and 
Thermal stresses. Gamma heating * RADIO CHEM LAB EQUIP’T. estimates at no dbligation. 


on the reactor side of the concrete pool 
structure will cause local stresses that | DURALAB EQUIPMENT CORP 979 Linwood St., Dept. N 
will peak 12-24 in. inside the concrete « Brooklyn 8, New York 


structure. The temperature  differ- 








ntial across a concrete structure, there- 


fore, should not exceed 30—50° C. 
One solution for this problem is to Presents the AM-33... 
ise an iron thermal shield at the hot 


wandapentbaqactraadlle seme. 2ndeva? the Ultimate in Air Particulate Monitors 


tion is to use cooling pipes embedded 


the concrete. These would provide | 

ile passages for natural circulation | 

of the water through the hottest sec- 
tions. A third method would be to 
use double-wall pool structures. The 
double-wall, concrete pool structure 
will provide cheaper and more con- | 
venient construction in addition to | 
providing a solution to the thermal- | 
stress problem. A double wall having | 
iron ore, or any other heavy, natural | 
material, packed between the walls will 


oooo0o 0 0000 


provide a heavy, homogeneous shield 
ind will permit the use of a smaller | 
-all structure. 


Consideration may also be given to sinha waste LOGARITHMIC 


TRANSISTORIZED COUNTING 
COLLECTOR RATEMETERS 
PROPORTIONAL 
COUNTER 


DETECTOR 


° 
0O00000000000000000 


ise of a double-wall concrete pool | 


° 








icture so arranged that a head of | 
er can be maintained between the 








ANTI-COINCIDENCE 














valls somewhat higher than the 











in the pool. This arrangement 








would offset the leakage of radioactive 
water that would normally occur. ey pe 
With this water seal, leakage would 

be of clean water into the pool, or to Nuclear Measurements Corp. 
the outside, with no attendant radi- 2460 N. Arlington Ave. - Phone: Liberty 6-2415 
ation problem. INDIANAPOLIS 18, INDIANA 
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VARIABLE SPEED-FLOW 


International Office: 
13 E. 40th St. 
New York 16, N.Y. 





for work ina 
controlled 
atmosphere 


BLICKMAN 


VACUUM DRY BOX 


Designed for safe handling of 
radio-isotopes, reactor fuel con- 
taining Plutonium or U233 and 
other hazardous substances. With 
air-lock, it can be sealed to create 
a vacuum. Fabricated of stainless 
steel plate—34” long x 26” high x 
24” wide at base. Air-lock meas- 
ures 18” x 12”. Send for Techni- 
cal Bulletin A-2. 


FOR SAFE HANDLING OF 
RADIOACTIVE MATERIALS 


skdebidens FUME HOOD 


Originally designed and developed 
for the AEC, this Fume Hood as- 
sures maximum safety in the han- 
dling of radioactive materials and 
radioactive isotopes. Sturdy 14- 
gauge stainless steel, round corner 
construction provides long life 
. . . easy cleaning and decontam- 
ination. Send for Technical Bul- 
letin E-3. S. Blickman, Inc., 7906 
Gregory Avenue, Weehawken, N.J. 
SEE US AT: 


position, N. Y. 
June 9-13. 


BLICKMAN 


LABORATORY EQUIPMENT 


Look for this symbol! of quality Blickman,Built 
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International Automation Ex- 
Coliseum, Booth 7539 


APPLIED RADIATION 





Cellophane Dosimetry Green and blue cellophane can be used as dosimeters 

Found Unprecise in the food-preservation range (0-2 * 10° rad), but 

their precision is not as great as that of other dosime- 

ters. This is the conclusion of Samuel A. Goldblith and Richard I. Mateles of 

the Department of Food Technology at M. I. T. after comprehensive experiments 
with Du Pont 300 MSC Light Green and Light Blue Cellophane. 

They assign the following probable errors after reducing random variation 


by reading the same spot before and after irradiation: 
Dose Percentage error 


Blue 





(10° rep) (rreen 


15 


10 ‘ Ne cellophane 
} 3 
6 ae 
ry} | 


"iene cellophane 
ih 





They measured initial uniformity of 
both 
effects of storage before and after ir- 


thickness and optical density, 


radiation, and the change of optical 
density with exposure to 2.5-Mev Van 
de Graaff 
was measured at 6,500 A for the blue 
and 6,100 A for the green. 

In thickness the green cellophane 
the nominal 0.001 in. 
than the but 2 3 4 
optical density deviated less for green Dose (10 rep) 
blue. The that 
thickness variation is caused by color- 


Fractional Transmission 


electrons. Optical density 


deviated from 


somewhat more blue, 


than indication is ; 
Radiation response of cellophanes. Lines 
above and below experimental points in- 
dicate probable error. Here lrep = 0.93 


rad of absorbed dose in cellophane 


less cellophane and absorbed water 
vapor while the amount of dye per unit 
area remains constant. Storage at 

25° C and 50% relative humidity had no significant effect except that unirradiated 
cellophane darkened slightly. Its radiation sensitivity remained unchanged. 
The curve shows the response of the two films to radiation dose and the 


corresponding limits of error. 


WEAR STUDIES IN SITU. Next logical step in wear studies is to make them without 
disturbing the system. In England Shell is doing it in a station wagon that carries 
400 Ib of lead, a transitorized detector, a scaler, and a recorder. Engine oil is piped 
back through the detector, and three-minute counts are long enough to indicate changes 
in the rate of wear of an activated ring in the car's engine 
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Driver 








FIG. 1. Vibrating-reed mechanism vi- 
brates plastic reed sample. Motion of 
iron pins attached to vibrating reed 
changes inductance of solenoids. When 
inductance effect is calibrated, it indicates 
mechanical properties of reed without 
destroying reed 


Nondestructive Test for Radiation Effects 


By J. D. MATLACK and S. STRELLA* Picatinny Arsenal, Dover, New Jersey 


Past work on the effects of radiation 
the mechanical properties of plastics 
iived the use of the standard de- 
structive test methods (1), which neces- 
a large number of samples. 

her, the size and number of neces- 
samples per given exposure oc- 
| valuable space in the radiation 


or a small-scale study of radiation 
ts on the mechanical properties of 
s, we selected the vibrating-reed 
mechanical 
determines the elastic (2’) 
iscous components (E£”) of the dy- 
namic modulus of a material without 


Q This dynamic 
and 


stroying the test sample, thus per- 

mitting repeated exposure of the sam- 
The test has the further advan- 
in that the sample size is about 
0.2 X 0.050 in. 

The dynamic-modulus test will not 

e the complete effects on the me- 

will 


hanical behavior. However, it 
ite at what dose levels significant 
changes in the material have occurred. 


The value of the test lies in that it will 


* Present ApprRess: Monsanto Chemi- 


Everett, Mass. 


Vol. 16, No. 6 - June, 1958 


cal Co 


determine at what dose level signifi- 
cant changes have occurred, at which 
time tests as tensile strength, 
melt index, solubility, etc., may be 


such 


performed. 


Vibrating-Reed Test 


In the vibrating-reed device (Fig. 1), 
a rod is mounted on two springs (copper- 
beryllium strips, 10 mils thick, 1 in. 
wide, 7 in. long) so as to vibrate in the 
direction of the rod’s axis. A clamp 
attached to one end of the rod holds 
the plastic reed tested. The 
other end of the rod is coupled to a 
coil that protrudes into the magnetic 
field of a speaker-type permanent mag- 
The output of an audio oscillator, 


being 


net. 
amplified by a 30-watt amplifier, is fed 
to the coil to supply the vibratory mo- 
tion of the rod. 

An iron pin cemented to the free end 
of the reed extends into the core of an 
air-core As the reed vi- 
brates, the motion of the pin changes 
the solenoid inductance in proportion 
to the frequency and amplitude of the 
motion. After suitable calibration, 
the reed amplitude at any frequency 
can be determined by measuring the 
corresponding induced voltage in the 


solenoid. 


solenoid. 
used to determine the amplitude of the 
clamp at the forced end of the reed. 
With this information, the 
(E£’) and the viscous (£’’) components 
of the dynamic modulus can be calcu- 


A similar solenoid setup is 
elastic 


lated with the equations 


12pw,*{l4 + (4m, ps)l*] 


d? 
( 16 2 
x 
l6a,? — F? 


12pw,?F {l* + (4m, ps)l*) 


ao*d? 
16 2 
y 
l6ay? — F? 
where 


F = (—5.478 + 2 V 7.502 + 6.15M?) 

1.689M?, M = ratio of to 
forced-end amplitudes of reed at reso- 
frequency (ra- 
(cm), 


E’ = 


E” = 


free-end 
nance, w, = resonant 
dians/sec), / = length of reed 
d = thickness of reed (cm), s = 
sectional area of reed (cm?*), p = 


cToss- 

den- 
sity (gm/cm*), m, = mass of pin and 
ao = 1.875. 


Results 
The curves show preliminary results 
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NEW ANTON PROCESSES AND 
TECHNIQUES IMPROVE NEUTRON DETECTOR 
RELIABILITY, RUGGEDNESS AND 
HIGH TEMPERATURE CHARACTERISTICS 


Basic development work for the military and AEC plus years of continuous pro- 
duction of BF, Proportional Counters and Compensated lonization Chambers 
result in the widest variety of commercially available detectors from Anton. 


Electrically Compensated 
lonization Chamber 
Anton Type 807 


¢ Rugged, unitized electrode structure enables 
the chamber to operate in any position, with- 
stand shock and vibration conditions present 
during propulsion reactor operation. 
All-ceramic insulation to permit high temper- 
ature operation impossible to achieve with 
conventional plastic insulators. 
Magnesium-Aluminum alloy electrodes con- 
tained in an all-welded aluminum envelope. 
Electrically compensated...guard ring design. 
Flake-proof B’ coated electrodes. 
Longer life and greater electrical stability 
assured by advanced mechanical design that 
permits evacuation and processing at high 
temperatures. 


Operational Data 


1. Operating thermal neutron flux range: 
2.5 x 107 to 2.5 x 10” neutrons/cm*/sec. 


2. Thermal neutron sensitivity: 
4x 10-" amps/unit neutron flux 


3. Gamma sensitivity: 
3 x 10-" amps/R/hour 


4. HN connectors in circular array for easy connec- 


ez 


tion to commercially available HN type cable 
fittings. Mate with Amphenol 82-38 (MIL-UG 59 
A/U or equal) 
5. Overall dimensions: 
3-1/8 + 1/16” dia. x 23-3/4 + 1/4” long 
6. Sensitive length: 
14-1/16”" approximate 


Some Typical ANTON BF3 Detectors 


A wide range of improved neutron proportional 
counters is available with a variety of all-welded 
cathode materials (stainless steel, aluminum). In 
addition to standard catalog items, sizes can be 
supplied ranging from 4%” dia. x 1” long to 2” dia. 
x 30” long. Minimum wall thickness for Al is 0.010”; 
stainless steel minimum is 0.002”, Connectors can 
be supplied per your specification. 


High temperature operation of Anton neutron detec- 
tors is made possible by the use of thermally 
matched seal components .. . high temperature 
ceramic insulators . . . unique processing and sea- 
soning . . . restriction to high temperature organic 
moderators where needed. 


Multi-element, high sensitivity counters encased in 
super Dylan moderators can be supplied from produc- 
tion to provide thermal and intermediate neutron 
sensitivity up to 45 counts/neutron/cm*. 


Fills and pressures are available up to 2 atmos- 
pheres. A closely supervised fas purification system 
allows versatile application of spectroscopically pure 
normal (18% 8°), depleted eg B*) or enriched 
(96% B*) Boron trifluoride filis. Special zone tem- 
perature controlled muffle furnaces provide the most 
uniform method of Boron coating available to date. 


Uniform, stable characteristics are assured from 


tube to tube. High temperature, high vacuum outgas- 
sing techniques are used for all components. The 
metal to ceramic seais are permanently fused and 
the exhaust tip is concealed. All parts are processed 
by patented methods to make them extremely resis- 
tant to the corrosive effects of BFs. The insulators 
are precision molded, mechanically rugged and chem- 
ically inert. 

Ruggedness and non-microphonism are assured by 
the incorporation of an Anton developed ‘‘no-spring”’ 
anode suspension (Pat. Pend.). This maintains the 
wire taut even when the tube is subjected to the 
severe impact shock and vibration experienced by 
equipment used for propulsion reactor control and 
monitoring, geological survey, oil well logging and 
similar applications. 

Prompt delivery —y be expected! Anton Laboratories 
maintains modern tube filling stations and a com- 
plete chemical laboratory for the production of neu- 
tron detectors and specialized fills. These plus An- 
ton’s machine shop and tube processing facilities 
assure early delivery of stock and special neutron 
detectors. 


Send for FREE DATA about compensated chambers 
as well as other neutron counting devices. Investi- 
gate Anton’s new, low-cost neutron counter price 
schedule. Write DEPT. NTN. 


ANTON ELECTRONIC LABORATORIES, INC 


A subsidiary of United States Hoffman Machinery Corporation 
1226 FLUSHING AVE., BROOKLYN 37, N. Y. 


APPLIED RADIATION 


This article starts on page 103 


of the irradiation of four commercial 


x 10°-r/hr gamma-ray 


plastics by a 2 
2 


source (Figs. 5). 


The large drop in E” for polystyrene 
indicates that the material has cross- 
linked sufficiently to reduce markedly 


the flow or viscous behavior of the 


material (a lower viscous modulus 


means less flow, thus a more elastic 





E 





Polystyrene 
ce 











500 L000 
Rodiation-Exposure Period (hr) 


FIG. 2. Radiation effect on mechanical 
properties of polystyrene 


Indeed, 1.000-hr 


exposure, the material became insolu- 


material). alter a 
ble in benzene. 

The increase in E” for the phenolic 
material, after a 500-hr exposure indi- 


cates that some of the crosslinks have 
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FIG. 3. Radiation effect on mechanical 
properties of phenolic material 


been broken and that possibly the filler 
material has deteriorated. 

Previous investigators (3) have 
pointed out that polyethylene cross- 
links when exposed to high-energy ra- 
diation. Though the rises in both EF’ 
and FE” for 
marked, they indicate that crosslinking 


polyethylene are not 


is beginning to occur. However, the 
somewhat sharper rise in the viscous 
component may indicate that phenom- 
ena other than crosslinking are simul- 
taneously occurring. The slow rise in 
these components also shows that a 
very large exposure will be necessary 
to produce marked changes in the me- 
chanical behavior of polyethylene. 
Polymethyl methacrylate was the 
with a 


sensitive to radiation, 
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marked decrease in the elastic com- 
ponent and increase in the viscous com- 
sometime after a 
exposure. Handling of the 
after 500 hr showed that the 


material’s tensile strength dropped to 


ponent occurring 
200-hr 


material 


small value. 

The data on the methacrylate poly- 
mer indicates one drawback to using 
the dynamic modulus as the sole index 
of the effects of radiation on the 
chanical 


a very 


me- 


behavior of materials. The 
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FIG. 4. Radiation effect on mechanical 
properties of polyethylene 


and lower E’ for 
would indicate a 
The large drop in 
nullified this ef- 
thus giving a completely deterio- 


larger 
methacrylate 


much 
the 

tougher material. 
strength completely 
rect 


rated material. 
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FIG. 5. Radiation effect on mechanical 
properties of polymethyl methacrylate 


A program has been initiated with 
esearch Institute that will 
utilize the test as 
levels producing significant 
inges in two typical commercial 

mers. At these levels, 
ethods will be employed to determine 


Stanford 
reed an indicator 


ol cost 
analytic 


both the chemical changes and struc- 


tural changes in the polymers. 


+ * *~ 


authors are indebted to Mr. Ossefort 
Island Arsenal for irradiating the 
ised in this work. 
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RADIOACTIVITY AT WORK.. :2 


Our b 





This is the second in a series of reports de- 
voted to NSEC’s work with the exciting new 
tool, radioactivity. Its uses appear endless, 
not only in the nuclear industry, but also 
in the fields of chemicals, petroleum, phar- 
maceuticals, medicine, steel and coal. Ap- 
plied radioactivity helps us examine product 
and process improvements, indicates ways 
to reduce costs, and probes for answers to 
complex research problems. With radioiso- 
topes and radioactivity, we seek solutions 
by methods never before practical or eco- 
nomically feasible. 


One of our project descriptions may apply 
directly to a problem you are facing, or point 
up a general application in your field. Take 
advantage of NSEC’s specialized skills and 
equipment. See how safely and profitably the 
phenomena of radioactivity can be put to 
work for you. 


ACTIVATION ANALYSIS 


Where a high degree of quality control is 
desired, activation analysis offers a sensi- 
tivity far exceeding conventional quantita- 
tive analysis. Elements in quantities as 
minute as one part per billion can be identi- 
fied and measured. Activation analysis is 
important in manufacturing, and in research 
projects requiring rigid standards of purity. 
It is especially useful in the processing of 
rare or expensive materials since, in most 
cases, only a fraction of a gram of material 
is required. 


In activation analysis, exposure of the test 
sample to a stream of neutrons creates 
radioisotopes with distinct radiation char- 
acteristics. Even minute quantities of trace 
elements are made sufficiently radioactive 
that sensitive counting equipment can meas- 
ure them. Activation analysis may be per- 
formed for as many trace elements as de- 
sired in a single small sample. 


NSEC offers activation analysis as a com- 
mercial service. We can handle complete 
testing and analysis or can assist in establish- 
ing a standardized procedure for production 
line use. Ask Dr. Paul Kruger, Manager of 
our Chemistry Department, about this service. 


RADIOTRACERS IN 

BIOMEDICAL RESEARCH 

Radiotracing is proving extremely valuable 
in medical and pharmacological research. 
Radioactive tracers in infinitesimal amounts 
are used to follow the course of a substance 
through a living organism. With tracers, 
research scientists discover where the sub- 
stance goes, how long it takes to get there, 
and what happens when it arrives. 


Recently, NSEC completed a study deter- 
mining the behavior of a radioactive enzyme 
for a drug manufacturer. Information was 
needed regarding the speed with which the 


| product was absorbed and how it was dis- 


tributed in the body. The experiments pro- 
vided valuable data for the manufacturer. 
Extended animal tracer experiments are now 


dioactivity—applying it, measuring it, protecting against it 


in progress and human studies are about to 
be undertaken. 


Information about the method and radioiso- 
tope selected will soon appear in a scientific 
journal. For additional information on this 
and similar tracer studies, just write us. Our 
report on services for study of the reticulo- 
endothelial system is also available. 


PROJECT SUNSHINE 


When an atomic bomb test is made any- 
where on earth, radioactivity is scattered 
into the air and carried about by wind cur- 
rents. These “hot” atoms fall with precipi- 
tation and settle on animals, vegetation, 
soil, and water. This fallout contains the 
dangerous radioactive nuclide, strontium-90, 
and it is desirable to maintain constant 
knowledge of the amount. 


To monitor this fission fallout, the Atomic 
Energy Commission set up “Project Sun- 
shine.”” NSEC has been active in the pro- 
gram since 1955, analyzing samples received 
from all over the world. NSEC recently has 
been awarded two additional major con- 
tracts to measure fallout in Pittsburgh rain- 
fall and in particulate material in the air. 


Close to half the fallout measurements, and 
most of the particulate material analyses in 
this country are being conducted by NSEC. 


NSEC is one of very few private firms with 
the necessary low-level counting equipment 
to perform such vital work. This, and similar 
apparatus designed and built by our staff, is 
used to conduct research that leads to a 
better life for us all. Would you like to discuss 
the ways it might assist you? 


FISSION PRODUCT BEHAVIOR 
IN A REACTOR SLURRY 


In a proposed nuclear power reactor, the 
fuel used is a slurry of uranium oxide and 
thorium oxide particles. NSEC made a 
preliminary study of the probable distribu- 
tion of fission products within the reactor, 
to aid in the design of the fuel-decontamina- 
tion processes. High pressure, high tempera- 
ture studies were made in an autoclave 
using reactor-irradiated slurries, as well as 
synthetic mixtures of fission products. 


NSEC has conducted hundreds of radio- 
chemical analyses of experimental nuclear 
fuel elements, reactor coolant water and 
other reactor components. NSEC also as- 
sists in determining fuel burn-up efficiency, 
and the rate of gain for breeder reactors. 
We are taking part in the development of 
nuclear power plants for aircraft, and are 
advising many firms which are fabricating 
fuel elements for various reactors. 


If your work involves nuclear reactors or 
components, call us at HOmestead 2-4000 in 
Pittsburgh. We'll work with you from the 
preliminary environmental radioactivity sur- 
vey through the disposal or use of the radio- 
active waste. 


For more detailed information on our studies and services, just call or write. Pro- 
posals and quotations on your specific needs will be made without cost or obligation. 
And if you would like to keep informed of the latest developments in this constantly 
changing field, just write on your letterhead and ask us to put you on the mailing 


list for our monthly publication, 


“Radioactivity at Work.” 


NSEC offers a complete assortment of cyclotron-produced, carrier-free radioisotopes 
for industrial and research applications. Send for our current price list. 


Nuclea Science and € cngineeuing Corporation 


DEPT. N-3, P.O. BOX 10901, 


PITTSBURGH 36, PENNSYLVANIA 
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RADIATION 
PROTECTION 
SERVICES. 


Environmental 
Radioanalyses and 
Radioactivity Surveys 
Collection and radioanalysis of 
environmental and biological 
samples of 

Air particulates Vegetation 

River water and algae 

and effluents Fish 

Soil and silt 
Gross radioactivities and/or spe- 
cific radionuclides determined. 


Urinalyses 
The most comprehensive urinal- 
ysis commercially available in- 
cluding analyses for 
Gross activities Radium 
Total uranium Fission products 
Enriched uranium Plutonium 
Beryllium Strontium 
Thorium 


Film Badge Service 


Unique features 
include 
extreme sensitivity, 


cumulative quarterly 


and annual data 


reports, tamper-proof 


badge, combination security-photo 
and film-badge holder. 
Write for brochures giving 
detailed information on 
these services. 


rerodela melt. 
ices @ 


Verse bechateys| 
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130 ALEWIFE BROOK PKWY., CAMBRIDGE, MASS. 


TECHNICAL ADVANCES 





Reactor Spectra Calculations of reactor performance require a knowl- 


By Pulse Method edge of cross sections averaged over the neutron spec- 
trum for the reactor. In experiments at Harwell a 
section of reactor is being pulsed and time-of-flight measurements made of this 
spectrum in a beam extracted from the lattice. This gives direct information 
about the spectrum shape and about angular variations in the spectrum (rela- 
tive to the line of the fuel elements in the lattice). 
been done with an unpulsed critical reactor and mechanical chopper (R. 8. Stone, 


KAPL-1499). 
disadvantage. 


Comparable experiments have 


The pulsed source has two important advantages and one main 
Firstly, it gives freedom to design the all-important beam col- 
limator without reference to any rotating element, and secondly, it gives the fuel 
a much smaller neutron dose. In a chopper experiment the fuel is irradiated for 
the whole of the running time, while a pulsed source only irradiates it during the 
(An entirely different 
approach is provided by integral measurements using foil activation and fission 
This method, while 


useful time leading to ~!4oo the irradiation typically. 


chambers from which the reactor spectrum can be inferred. 
more convenient and free of angular effects give less detailed information. 


The disadvantage is that the time dependence of the neutron flux in an assem- 
bly is a function of this assembly. Pulses put in are stretched out to many times 
their original length, and the useful resolution (and even the possibility of-mak- 
ing the experiment) depends on the particular lattice. No experiment is possible 
unless the effective pulse length is much less than the flight time. Many factors 
govern this condition, and each experiment must be examined on its merits. In 
general, water-moderated thermal systems and highly undermoderated systems 

up to the intermediate reactor) are best investigated by pulsed source, while 
heavy-water and graphite-moderated systems require a chopper. The pulse 
shape from an assembly comprises a fast rise, followed by a nearly exponential 
decay (exactly exponential after higher harmonics have died away). The period 
of this exponential is taken as a measure of the pulse lengthening, and typical 
values are: pure water ~200 usec; water-uranium lattices (multiplication < 4), 
100-200 usec; graphite ~10* usec, graphite lattices ~5,000 usec; heavy water 
~5 X 10* usec. 
circle at 15 cm from the source, it has been possible to use a 12-m flight path with 


Using water lattices, and observing neutrons from a 1-cm-dia 


a source putting in 10* neutrons per pulse; the flight time for a thermal neutron 
is then 54,500 usec, and that for a l-eV neutron 820: usec. With the larger ac- 
celerator under construction at Harweil, providing 10" neutrons per pulse, the 
flight path can be 60 m. 


Two further points must be considered before the measurements can be ac- 
The first 
is whether the spectrum is the same as that in a critical reactor, and 


cepted. common to all spectrum measurements in a subcritical as- 
sembly 
the second, whether the spectrum in the assembly at a given point is the same 
as the spectrum in a beam extracted from that point. There has accumulated 
a good deal of experimental evidence that, provided loss of neutrons by absorp- 
tion dominates loss by leakage, then the spectrum far from the source is char- 
icteristic of the lattice. 
tional to the multiplication in the lattice, it is important when using a pulsed 


However as the pulse lengthening is directly propor- 


source not to have too large an assembly and some compromise must be ac- 
cepted. 
of neutrons extracted in different directions relative to the lattice 


On the second point data is still being obtained by observing spectra 
Using water- 
uranium lattices spectra in both moderator and fuel have been observed in beams 
emerging along and normal to the fuel rods. In nearly all cases the spectra has 
a Maxwellian component, characterized by a temperature 7’, which is distorted 
at its high energy end and eventually joins to a 1/# slowing down spectrum. In 
the moderator the spectrum taken normal to the bars contains a stronger Max- 
wellian component than that along the bars (15% more thermal neutrons in one 
case observed) while in the fuel the same effect is seen, and in addition the 
Maxwellian is distorted. Plans have now been made to measure the spectrum 
in six directions. 


* . » 


We are indebted to M, J, Poole of AERE, Harwell for this account of his experiments. 
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Nuclear Stripping Reactions 


By S. T. BUTLER and ©. H. HITTMAIR (John 
Wiley & Sons, New York, and Horwitz Publica- 
tions, Sydney, Australia, 1957, ix + 130 pages, 
$8.75) 


viewed by W. Tosocman, Depart- 


f Physics, The Rice Institute, Hous- 


cas 


‘he idea of deuteron stripping, a 
lear reaction in which only one of 

the two particles making up a deuteron 
nteracts the target 
nucleus, was first suggested by Oppen- 
eimer and Phillips in 1935. In the 
interest has been 


directly with 


iast Tew years new 
aroused in the subject as a result of the 
work of 8. T. Butler and of Bhatia, 
Huang, Huby These 
people found that it was possible to 
pret the angular distributions of 
d-p and d-n reactions in the medium- 


and Newns. 


inter 
on the basis of the strip- 


hypothesis. Thanks to their 
sis, it is possible to use d-p and 


rapge 


. reactions to get information about 
the spins and parities of nuclear states. 
This development has played an im- 
portant verifying the 


part in pre- 


lictions of the shell model. 
Nuclear Reactions” is 


first book to be written on the sub- 


Stripping 


of the theory of the stripping re- 

The subject is old enough so 

t this book, with its clear exposition 

he theory, will be welcome to those 

g to learn the subject for the 

ne as well as to those who have 

in the field long enough to be 

fused by the large number of papers 

ing the same theory in a different 

On the other hand, the subject 

vy enough so that a book published 

is time could not fail to contain 
controversial passages. 

In the first chapter we have a very 

ible introduction to the theory 

f the stripping reaction in which the 

ilts of the theory are presented in 

erms of simple semi-classical argu- 

ts. In the third 

Butler derives the stripping 


second and 
pters, 
ory fotlowing the method he used 
is own work. Two derivations 
f the theory are given in chapters 10 
11. I think it is unfortunate that 
Butler presented three different deri- 
itions of the theory since the physical 
the three 
It is particularly unfortu- 
though altogether natural, that 
chooses to emphasize his own 


content of methods _ is 
dentical 
nat 

Butler 
ipproach to stripping theory, which 
s the most cumbersome and compli- 
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cated of the three methods described. 

Following the derivation of the 
theory there are three chapters devoted 
to the nuclear-distortion effect and the 
Coulomb-distortion effect. These ef- 
fects are neglected in the simple theory 
but can be included in a more rigorous 
treatment. The only stripping calcu- 
lation I know of in which these effects 
are both taken into account is one by 
M. H. Kalos and myself. More calcu- 
lations of the same sort have to be 
done _ before give a final 
answer as to the limits of validity of 
the simple form of the theory, which 
neglects effects. However, in 
this matter I take issue with 
Butler since his interpretation of our 
results differs from our own. Butler 
states that the effects are small for 
sufficiently high incident-deuteron en- 
My own interpretation of these 
calculations is that these effects are 
quite large and that the simple theory 


one can 


these 


must 


ergy. 


because of a cancellation be- 
tween these The 
graph taken from our paper, which is 
reproduced in this book, 
think, the wrong impression of the 


works 


two effects. one 


gives, I 
general trend of our results. 


the the 
nuclear and Coulomb corrections, there 


Following discussion of 
are chapters devoted to reduced width 
determinations by stripping, angular 
correlations in stripping, and _ polari- 
zation effects in stripping. Finally 
there is a chapter on the pick-up re- 
action and one on surface reactions in 
the book is 
any discussion of exchange effects in 


general. Missing from 
stripping. A second glaring omission 
is the lack of The bibli- 


ography important 


an index. 
also has many 
omissions. 

I think the book is an excellent sum- 
mary of stripping theory, and I am 
sure nuclear physicists will find it very 
However, I feel that the point 
that 


unnecessarily narrow and conservative. 


useful. 
of view pervades the work is 
The author regards stripping theory as 
a tool of nuclear spectroscopy that 
should be used only in those conditions 
to be valid. In- 
vestigation of corrections to the simple 
theory, according to Butler, is only 


where it is known 


useful in fixing the limits of validity 
of the simple theory but cannot itself 
teach us anything new about nuclear 
interactions. If this were so, Butler’s 
beok would not only be the first book 
on stripping theory but also the last. 

I am sure this will not be the case. 


Control 
emperatures 


That's close 
enough for the most crit- 
ical control requirements. Actual 
performance demonstrates that it is 
being done with a simple electrical 
unit—automatically, No attention is 
needed, the operator simply selects 
the control point on the controller. 
A Gordon XACTLINE in the control 
circuit actuates the control before the 
set temperature is reached (up or 
down). The short on-off cycle (as short 
as three seconds) thus produced will 
give extremely close control. Because 
it’s electrical—with no dependence on 
gears, cams, shafts, etc.—it is accu- 
rate and reliable. 
For Any Heat Process 
Gordon XACTLINE can be placed in 
the control circuit of any fuel-fired or 
electrically heated oven, furnace, 
kiln, injection molding machine, etc. 
Once installed, no adjustment or co- 
ordination with the control instru- 
ment is required regardless of size 
of furnace, length of heating cycle, 
or density of load. It can be used 
equally well with any existing in- 
dicating or recording standard pyrom- 
eter controller, regardless of age. 





Gordon XACTLINE— 
o complete, factory-assembled, factory-adjusted 
instrument enclosed in dustproof case, ready 
for installation anywhere. 
Write for complete details 


S. GORDON CO. 


eed th ee Le 


CLAUD 


Manufact 


619 West 30th Street, Chicago 16, Illinois 
2015 Hamilton Ave., Cleveland 14, Ohio 
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NEW from Allied Research 


advanced radiation 
monitor systems 
and components 


RADIATION MONITORING SYSTEMS and system 
components are designed, developed and manufac- 
tured for special applications such as airborne moni- 
toring, industrial process control, reactor safety and 
area survey. Allied Research has proven its ability to 
produce radiation monitoring equipment of higher 
performance than has otherwise been achieved. 


PLASTIC SCINTILLATORS for the sensitive detec- 
tion of alpha, beta and gamma radiation are custom 
manufactured in quantity and are available in sizes 
up to one ton at low cost per pound. These solid plas 

tic scintillators are available in a variety of shapes and 
surface textures, are rugged and can be easily ma- 
chined. They have been developed to provide high 
conversion efficiency, broad intensity range, ex- 
tremely low light absorption and decay times of less 
than 5x 10-* seconds. Also available in filament form 


RESEARCH AND DEVELOPMENT CAPABILITIES 


for the application of scientific advances in nucleonics 
are available. Allied Research will be happy to pro 
pose its solutions to systems and component prob 
lems related to radiation monitoring. The company 
offers broad capabilities in experimental and theoreti 
cal nuclear physics coupled with an equally broad and 
varied engineering capability. Selective radiation 
monitoring equipment is developed on the basis of 
experience in radio-chemistry; beta and gamma ray 
spectroscopy; high energy and cosmic ray physics; 
heat and fluid mechanics; vibrations and dynamics; 
electronic and instrumentation systems engineering. 


YY, 

@ 
For full information, write: 
ALLIED RESEARCH 
ASSOCIATES, INC. 


43 Leon Street, Boston, Massachusetts 
Phone: GArrison 7-2434 





BOOKS 


Department starts on page 10 


Deuteron stripping has revealed to us 
a whole new aspect of nuclear inter- 
dif- 
complementary to 
Bohr’s compound nucleus model. This 
interactions, 


actions—one that is completely 


ferent from and 


new aspect of nuclear 
often referred to as the direct-inter- 
action model, is quite consistent with 
the picture we get from the shell mode! 
and the optical potential model. Thus 
I think the subject should be pursued 
for its own sake and will indeed teach 
us more about interactions. 
We are still true 
standing of the basic assumptions of 
the theory. 


nuclear 
far from a under- 
Semi-classical arguments 
like those used by Butler are very help- 
ful guides, but they are not substitutes 
for calculations of higher-order effects. 


BOOKS RECEIVED 


Conference papers available. Pa- 
pers presented at the Atomic Industrial 
“The 1957 Nu- 
clear Industry” are listed in a catalog 
available from AIF. 
research, test and power reactors; fuel; 


Forum conference on 
Subject areas art 


uranium production; radiation applica- 
tions; and managerial problems 
Atomic Industrial Forum, 3 E. 54th St 


New York 22, N.Y. 


Progress in Semiconductors—2, edited 
by A. F. Gibson, P. Aigrain and R. FE. 
Burgess (John Wiley & Sons, New York 
1957, $10.50). This 


book is comprised of eight papers. O1 


vil + 280 pages, 


special nucleonic interest is Radiation 
Effects in Semiconductors by J. H 
Crawford and J. W. Cleland 
studies of fast-particle bombardment 


12 pages 


are reviewed, including much unpub- 
lished data. 


Semiconductor 


Other chapters include 
Alloys, Properties of the 
III-V Compound Semiconductors, Life- 

Electrons and Holes in 
Theories of Electrolumin- 


times of Free 
Solids, and 


escence. 


Progress in Nuclear Physics, Vol. 6, 
O. R. Frisch, editor (Pergamon Press 
1957, 


This latest in the Pergamon series again 


London, 297 + vii pages, $14 

underlines current advances in nuclear 
physics. Timeliness is indicated by an 
article by Frisch and Skyrme: ‘ 
\\ eak 


Multistage isotope separation 


Parity 
Non-conservation in Interac- 
tions.” 
F. Johns and electro- 
M. L. Smith. 


Other articles are on nuclear models, 


is reviewed by i 
magnetic separation by 


moments and spins, atomic masses and 


fission recoil. 





GAMMA 
SHIELDING 
MATERIALS 


BARITE 
Crushed—to specification 
Ground—95% minus 325 mesh 


LEAD 
Powder-fineness ranges 
40%-50% minus 325 mesh 


IRON 
Shot and Grit 
Graded to specification 


* 


Inquiries for Metal Powders 
of all types solicited 


METALS 
DISINTEGRATING 
COMPANY, INC. 


DEPT. M. 
ELIZABETH B, NEW JERSEY 


Worlds largest manufacturer 
of finely divided metals 








NEW High Accuracy 


: CURRENT 
: INTEGRATOR 


The Cl-100 is the first commercially available 
all electronic current integrator. Essentially an 
elementary analog computer, the Cl-100 was 
originally intended for particle accelerator 
beam current integration, where low input im 
pedance, high accuracy and broad range are 
necessary. The instrument also finds use in 
ndustrial measurement and control systems to 
integrate fluctuating light, velocity, flow, and 
other factors which can be transduced to elec- 
trical current 

Recorder outputs are provided for amplitude 
and integrated value. Total desired integrated 
value can be preset, making the Cl-100 useful 
as a control device 


BRIEF SPECIFICATIONS 


ACCURACY Current amplitude +0.2% 
Charge +0.8% 
CURRENT RANGE 3x 10—9 to 10-3 amperes 
INTEGRATOR 1.5 x 10~8 to 30.0 coulombs 
DOMESTIC PRICE For dc applications $1,800 
For pulse applications $1,925 


Write for complete technical information. Address Dept. N-6 


eidorado 
ilectronics 


2821 TENTH STREET © BERKELEY 10, CALIF. 
June, 1958 - NUCLEONICS 








LETTERS 





East-West Open House 


The editorial in the Aprii ’58 NUCLE- 
onics suggested that the opportunity | 


exists to foster good relations between| : 


East and West in the atomic energy field. | 
Particularly effective would be an ez-| 
change of scientific teams. In the U.S. 
many laboratories and facilities are un- 
There therefore should be no 
obstacle to Russian 


classi fie d. 
insurmountable 
visitors. 


A reader comments: 


DEAR SiR: 

I like your “ Candor Before Geneva” 
editorial. If the suggestion is adopted, 
I think it is extremely important to 
reach an understanding at an early 
date about which specific laboratories | 
the U. 8. delegation would visit and 
which reactor projects would be dis- 
Otherwise, the U. S. delega- 
tion is likely to get a pleasant visit to 
two or three Moscow laboratories and 
Obninsk. This is not what I would 
consider a fair exchange. 


cussed. 


—-ARNOLD KRAMISH 
Physics Division 

The Rand Corporation 
Washington, D. C. 


VBWR = $2,500,000 + 


DEAR SIR: 

You and your staff are to be congrat- 
ulated on the excellent coverage given 
our Vallecitos Boiling Water Reactor in 
the February NucLEOoNICcs (p. 76). 

We would, however, like to point out 
that the cost figure of $2,500,000 you 
quoted for the reactor, while correct in 
essence, must be qualified. It is only 
the bare cost and does not include such 
items as cost of land, supporting facili- 
ties, commercial and administrative 
expenses and other miscellaneous ex- 
penses that would be involved were it a 
purely commercial facility. 

We are very proud of the fact that 
the reactor was built within the cost 
estimated at the time construction was 
started and within the time allotted. 

Incidentally, while writing of reac- 
tor construction costs, I would like to 
point out that, contrary to some cur- 
rent published estimates, the costs for 
our Dresden project are still within 
those estimated at the time the con- 
tract for this station was signed in 1955. 

—J. E. Marner, Manager 
Marketing and Project Operations 
Atomic Power Equipment Department 


General Electric Company 
San Jose, California 
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GAMMA RADIATION FACILITIES 
FOR YOUR LABORATORY 


FOOD PRESERVATION + DRUG STERILIZATION + PETROLEUM CRACKING 
AGRICULTURAL RESEARCH + MEDICAL RESEARCH + POLYMERIZATION OF 
PLASTICS + VULCANIZATION OF RUBBER + ELECTRICAL COMPONENT TESTING 


SAFE AT ALL TIMES « COMPACT « ECONOMICAL 
MEETS YOUR RESEARCH NEEDS 


The increasing interest in the effects of gamma radiation on 
materials and processes has led Nuclear Systems to develop and 
manufacture complete packaged cobalt 60 facilities. These units 
make it possible for industrial, medical, educational and govern- 
ment laboratories to conduct radiation effect investigations 
under ordinary laboratory conditions. 

The “‘Hotrodder,” a compact, self-contained, lead-shielded 
unit, can be used with complete safety during all phases of 
operation, including the introduction and removal of samples 
under study. 

The “Hotrodder” provides an ease of operation and ver- 
satility not available with water shielded facilities. 

The sources and these safe gamma radiation facilities are now 
available at reasonable prices through Nuclear Systems. 

Company offices in Philadelphia, Chicago, San Francisco 
and Los Angeles. For additional information write: 
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Outputs of 2-Section Linacs 


First section Second section 


Peak Mean 
power power 


(Mw) (kw 


Peak Mean 
power power Ene rqY 


Mw) (Mer 


Length of 
guide Energy 
(fi) (Mev) 


19.7 20 j : 45 
10.8 13 t 
10 


Nw Nw Ww bo 





Linear Accelerators Have Energies to 1 Bev 


Three operating electron linear accelerators (Models 
LE 0.08, LE 28, above, and LE 101) are powered by 
3,000-Mc klystrons and magnetrons and have output en- 
ergies from 1 Mev to 1 Bev. The table shows output 
currents and energies available from two successive ac- 
celerating sections. 

Smallest of the operating Linacs is the LE 0.08 with a 
10-Mev maximum energy. Peak currents are 100 ma at 
4.5 Mev and 15 ma at 7 Mev. R-f energy of 900 kw is 
supplied by a 1-Mw tunable magnetron manufactured by 
the maker of the accelerator. 

The LE 28 offers 85-ma peaks at 28 Mev and produces 


had at repetition rates of 500, 250 and 125 cps. Two 
3-cavity klystron amplifiers supply 4-Mw peak power each. 
They are driven by another klystron of the same type 
Both the LE 0.08 and the LE 28 
are in operation at the Saclay research center. 

Larger still is the LE 101, installed at the Ecole Normale 
It uses 16 of the company’s klystrons, 
Maximum energy is | Bev, 


acting as an oscillator. 


Supérieure in Paris. 
each supplying 20-Mw peaks. 
but the beam can be taken out along the accelerating sec- 
tions at lower energies of 250, 500 or 750 Mev.—Com- 
pagnie Générale de Télégraphie sans Fil, Paris, France 
(U. 8. distributor, American Radio Co., 445 Park Ave., 


up to 10"? n/see. 


Paper Chromatograph 


Hi-Speed” chromatograph (above) 
cuts normal separation time to 5 min. 
Centrifugai force is used to accelerate 
separation and permit multiple sam- 
ples to be run simultaneously. Flow 
rate is held to less than 1 ml/min by 


stainless-steel capil- 


110 


precision-bored 


Pulses of 2, 1, 0.5 and 0.25 wsee can be 


lary. It has provision for 300—1,550- 
rpm speeds and handles paper up to 
35 cm in diameter.—Precision Scien- 
tific Co., 3737 W. Cortland St., Chi- 
eago 47, Ill. 


C'*-Labeled Compounds 


Potassium cyanide-C™ in crystalline, 
alkali-free form and the following C!*- 
labeled compounds are available for 
bromoace- 
gua- 
(clycocyamine), 


prompt delivery: sodium 
tate-1, sodium bromoacetate-2, 


nido acetic-2 acid 
phenoxyacetic-1 acid, phenoxyacetic-2 
acid.—Research Specialties Co., 2005 


Hopkins St., Berkeley 7, Calif. 


Cobalt-60 Irradiator 


Model D-47 has push-button control 
of drawer motion and automatic re- 
moval of samples. Sample cavity of 
this medium-sized irradiator has 6-in. 
diameter and is almost 8 in. high. Up 
to 8,000 ¢ cobalt-60 (dose rates up to 
10° r/hr) can be used safely. Weight 
is 7,000 lbs, floor space required is 16 


New York 22, N. Y.) 


sq ft and over-all height is 76 in. 
Atomic Energy of Canada Ltd., Ot- 


tawa, Canada. 


Pressure Transducer 


Series of variable-reluctance pressure 
transducers (above) are of stainless 
steel construction. Model DP-27 is 
for differential pressure measurements 
in ranges from +7.5 to +2,000 psid. 
Model AP-27 is for absolute pressure 
measurements in ranges from 0-5 to 
0-1,000 psia. Transducers will with- 
stand over-range pressures of twice full 
scale. Hysteresis is 0.5% of full scale 
or less for ranges up to 100 psid and 1% 
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FUSED SEAMS 


CONTROLLED 
PORE SIZE 


THIN WALLS fa 
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Here’s 
what 


Purolator can do with 


POROUS METAL FILTER MEDIA 





Purolator can do just about anything with porous metal 
as filter media to meet the exact requirements of the 
job to be done. The qualities listed above are those 
demanded by the use for which that typical filter was 
de signed. 

Purolator’s staff of Q and L cleared filtration engi- 
neers can use porous metal—or any other filtration 
media —to solve the newest and toughest filtration 
problems. This staff keeps complete control of its 
designs right through the manufacturing process, be- 
cause Purolator has full production facilities in one plant. 

Because Purolator can construct the filter element, 


and its housing, of any known metal or alloy, the widest 
possible range of operating conditions can be handled. 

These two booklets tell you Purolator’s basic story. 
To find out what Purolator can do for you, describe 
your filtration requirements 
to Jules Kovacs, Vice Presi- 
dent in charge of Research 
and development and 
Product Application. If you 
have a really tough prob- 
lem, include engineering 
drawings. 


ele nd 


Filtration For Every Known Fluid Pe | c= 1 O LATO [= 7 


PRODUCTS, INC. 


RAHWAY, NEW JERSEY AND TORONTO, ONTARIO, CANADA 
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NOW a 


MUST 

for 

MISSILE 
DEVELOPMENT 


* 


NUCLEAR 
RESEARCH 
PROGRAMS 


* 


Wherever 
Quick 
Accurate 
Identification 
of 

Airborne 
Particulate 
Matter 

is Vital 





HI-VOLUME 
AIR SAMPLER 


accurately samples the air for 


radioactive material, particulate matter, etc. 


Hundreds used in Atomic Energy tests, and by Industries 
employing, developing and manufacturing nuclear 
products .. . Literally “inhales” an entire area with 
unparalleled speed and accuracy . . . Particles as small 
as 1/100th a micron in diameter have been accurately 
sampled by this unit . . . Portable . . . Designed for 
indoor and outdoor use . . . Indispensable for series or 
unit tests. 24V, 110V, & 


| or less for higher ranges. 





220 V models available. 





THE=Sfaplex 0. 
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Linearity is 
+ 1% of full scale or better. For tem- 
peratures of —65°-+250° F, zero shift 
is 0.02% of full scale per degree and 
sensitivity change is 0.04% full scale 
per degree without 
With compensation, variations in both 
zero and sensitivity can be reduced to 
<0.01 % full seale per degree. Output 
is +40 mv per volt (compensated) and 
+55 mv per volt (uncompensated) .— 
Northam Electronics, Inc., 2420 N. 
Lake Ave., Altadena, Calif. 


compensation. 


AIR SAMPLER DIVISION 


783—5th Ave., Brooklyn 32, N.Y. 
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BIG WINDOW 72 INCHES THICK» 
HAS 30% LIGHT TRANSMISSION | si 0 0002 stainessstect gat 


Stainless Gate Valves 


valves (above) designed to meet API 
600 and ASA B 16.5 specifications are 
2 in. screwed and 
8 in. flanged and 
butt weld and have a pressure range 


produced in sizes ! 


One of a series now in socket weld and ! 


production for a major 
of from vacuum to 1,440 psi, a tem- 
perature range of —425°—-1,500° F with 
Cooper Alloy Corp., 


atomic plant. Hotside 


face is 5x6 feet. Glass proper packing. 


used is optically polished Hillside, N. J. 


and low reflection coat- 


Gas Analyzer 


ed. Since Penberthy win- Model 7C is industrial, thermal-con- 


dows first were produced ductivity, gas analyzer for continuous 
monitoring of nitrogen, hydrogen, ar- 
gon or carbon dioxide in wide variety 
case of internal surface 4 = | of gas mixtures. Response time is 
; 30 sec for 95% of change at sample flow 
rates of 250 cm*/min. Single or mul- 
tiple ranges from zero to 0.5% and 
zero to 100% full scale are available 
as is indicating meter with accuracy 
to 2%.—Process Instruments Div., 
Arnold O. Beckman, Inc., 2500 Fuller- 
ton Rd., Fullerton, Calif. 


in 1949, not a single 


fogging has been re- 
ported. 


Originators of heavy lead glass 


<8 PENBERTHY 


INSTRUMENT CO. Vacuum Sintering Furnace 


SEATTLE 8. WASH 


Series of induction-heated 
vacuum sintering furnaces with tem- 
perature capabilities of 2,000—-2,600° C 
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high- 
4301 6TH AVE. SOUTH e 


* Reg U S Pot OFF. 





use graphite, molybdenum or tantalum | 
susceptor, depending on application. 
Complete instrumentation for tem- 
perature control and recording is pro- 
vided.—F. J. Stokes Corp., 5500 Tabor 
Rd., Philadelphia 20, Pa. 


Flexible Insulation 


Wrapping and bonding woven ceramic | 
fiber tape around pipes as small as 
l¢ in. in diameter with zirconium-base | 
cement forms positive, shock-resistant 
insulation that withstands tempera- | 
tures to 2,000° F. Tape can be sup-| 
plied with two nickel-chrome wire | 
strands so that leakage from pipe carry- 
ing metallic or radioactive fluids pro- | 
conducting path and sounds | 
alarm.—The Russell Manufacturing | 
Co., 632 E. Main Street, Middletown, 


Conn. 


| 
| 
| 
| 


vides 


| 
| 


Scanning Count Integrator 


Model 540 is scanning count integrator 


designed for automatic histogram plot- 
ting of spectral information. Accu- 
racy of the spectra obtained is within | 
1% on all 9 ranges from 0-30 counts | 
full scale up to 0-300,000 counts full | 
scale. Other characteristics include 
range multiplier by integers from 1 to 
4 and output drive for all standard re- 
Baird-Atomic, Inc., 33 Uni- 
versity Rd., Cambridge 38, Mass. 


corders. 


Bellows Coupling 

Model T9 (above) is stainless-steel | 
zero-adjustable bellows coupling that 
allows precision adjustment on sensi- 
tive shafts of servo motors, resolvers 
and synchros. It is designed for 360- 
deg continual rotation and adjustment | 
and is adaptable to four basic shaft 
sizes: 1g, 3{¢, 14 and }¢ in. applied on 
pin- and clamp-type hubs.—PIC De- | 
sign Corp., 477 Atlantic Ave., East 
tockaway, N. Y. 

Hot Potentiometer 


Trimmer-type ‘‘FilmPot” potentiom- | 
eters, able to operate effectively in tem- 
peratures as high as 400° C, have been | 
designed for use in nuclear propelled | 
aircraft. Rectangular (2 in. long, 14 
in. wide and 14 in. high) it has as re- | 


sistance element continuous film of | 
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Here’s news about 


REACTOR AND 


RADIATION MONI 


TORING 


INSTRUMENTS 
IMMEDIATE DELIVERY 


from Victoreen 


Logarithmic Count Rate Meter 

(ORNL Q1454B) 
Model 727 Logarithmic Coun? Rate Meter. Wide 
range, five decade instrument for use with all types 
of radiation detectors. Range 10 to 1,000,000 
counts per minute. Scale expansion feature for 
extreme sensitivity and accuracy when used with 
recorder readout. 


DD-2 Non-Overload Linear Amplifier 
(ORNL Q1593) 

Model 751 DD-2 Non-Overioad Lineor Amplifier 

for scintillation spect try, reactor control, etc., 

and other applications requiring high gain, fast res- 

olution, good linearity, and fast overload recovery. 








Single Channel! Differential Analyzer 
(ORNL Q1192) 

Model 695 Single Channel! Differential Analyzer. 

A differential pulse height analyzer for separating 

pulses of varying amplitudes. 


Hi-Speed Scaler 

(ORNL Q1743) 
Model 762 one microsecond Hi-Speed Scaler is 
designed for counting pulses from nuclear detect- 
ors. Permits counting pulses at high rates with ex- 
tremely low coincidence loss. Use of decade counting 
circuits increases reliability and gives low power 
consumption. 





A1D Linear Amplifier 
(ORNL Q1326) 
Model 672A, AlD Linear Amplifier for amplifying 
low signal level pulses from radiation detectors such 
as ionization chambers, proportional and scintil- 
lation counters. 


Air Particle Monitors 
(ORNL Q1740) 
Portable continuous air particle monitoring units to 
latest ORNL specifications. Fail-safe operation. 
Covers wide dynamic range of intensities. 


AA-7T308 


The Victoreen Instrument Company 
5806 Hough Avenue * Cleveland 3, Ohio 
WORLD'S FIRST NUCLEAR COMPANY 
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H e e 
eating units you can adapt to evaporated rare-metal alloys. Besides 


your specific requirements 





Hevi-Duty Heating Units are a conven- 
ient source of clean, uniform heat for 
many industrial or chemical processes. 
They are widely used for keeping sodium 
and salts in liquid state as well as for 
countless other heating operations. 

Semi-cylindrical units are ideal for 
heating straight lengths of pipe or tubing. 
Flat units may be used with coils exposed 
or muffled and can be arranged to provide 
a flat heating surface or grouped to form 
a box. Both shapes are available in a 
wide range of sizes and a choice of two 
temperature ranges — to 1800° F. and to 
2200° F. Heating units may be contained 
in metal sheaths for emersion in liquids. 

Write for Bulletin 158. See how easily 
and economically Hevi-Duty Heating 
Units can solve your special heating 
problems. 


HEVI-DUTY ELECTRIC COMPANY 


——w 


LABORATORY FURNACES MULTIPLE UNIT ELECTRIC EXCLUSIVELY 


a 


MILWAUKEE 1, WISCONSIN 








4 DOMESTIC & WORLDWIDE ACCURATE 
RAPID 


or Film Badge Service Mma 


For BETA, GAMMA, X-RAYS; NEUTRONS (1 week) Cip-en, wie 


or ring style 


We don't keep you waiting! You're entitied to—and you get—speedy ‘‘local'’ service no 
matter where you are located: U.S., North America, overseas. Just airmail your feather-weight 
exposed films to us. Accurate exposure reports are airmailed back within 48 hours after film 
is received. U.S. users who airmail film to us receive reports within 4 to 5 days; foreign 
clients, within 1 week. Ten-to-one, that's better service than you are now getting. 

In film badge service, reliability counts, too. Our 5-filter system assures highest accuracy 
over a wide range of energies and exposures. Records are permanent and legal. 





Ask for Builetin 20. Let us quote on your particular needs. Our low prices will surprise you. 


Instruments for 
Research, Medicine, 
Education, Industry, 


Prospecting. NUCLEONIC Corp. of America 


Catalog on request 
196 Degraw St. Brooklyn 31. N.Y. 











FOR PRODUCT INFORMATION 
IN THE NUCLEAR INDUSTRY 
TURN TO THE... 


NUCLEONICS 


BUYERS’ GUIDE 
(IN THE NOVEMBER ISSUE) 


A McGRAW-HILL PUBLICATION 
330 WEST 42ND STREET, NEW YORK 36, N. Y. 








infinite resolution, it has a stable re- 
sistance of better than 5% up to 30 k 
from —55° to 400° C at 300 v.—Fair- 
child Controls Corp., 225 Park Ave., 
Hicksville, L. I., N. Y. 


Rate-of-Change Computer 


Model 0557-1 (above) measures rate of 
change of slowly varying, low-level 
voltage changes of d-c signals (10 
5,000 yv/seec superimposed on static 
voltages of 0-100 mv). Typical nu- 
clear application is measurement of 
temperature buildup in increments of 
as little as 0.5° F/sec. Computer in- 
cludes high-grain d-c differential-chop- 
per amplifier with completely floating 
high-impedance input, transistorized 
rate unit, 400-cps power supply for the 
choppers and regulated d-e supply. 
Unit is 7 in. high and fits standard 
19-in. relay rack.—Magnetic Instru- 
ments Co., 546 Commerce St., Thorn- 


wood, N. Y. 


f 


mee 


a 


Low-Level Counting System 


/ 


Model 774 low-level counting system 
(above) has provision for maximum 
reduction of background by complete 
cylindrical enclosure in single multi- 
anode anti-coincidence shielding 
counter. Plastic construction mini- 
mizes conversion gamma rays. Sys- 
tem was engineered for counting-sample 
systems consisting of (1) dual soft-beta 
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counter unit, (2) low-level Geiger in- 
ternal gas-counter unit and/or (3) low- 
level proportional internal gas counter. 

tadiation Instrument Development 
Laboratory, Inc., 5737 8. Halsted St., 
Chicago 21, IIl. 


High-Temperature Switch 


Small, precision switch has minimum 
life of 25,000 operations at 600° F and 
offers these features: maximum dimen- 
sional stability, ability to withstand re- 
peated shock and vibration, resistance 
to moisture and humidity, resistance to 
radiation, and complete resistance to 
formation of radioactive by-products. 
The contact arrangement is single-pole 
double-throw and can be wired either 
normally-open or normally-closed.- 

Micro Switch Div., Minneapolis- 
Honeywell Regulator Co., Freeport, Ill. 


100-Channel Analyzer 


Model PHA-100/20 pulse-height ana- 
lyzer (above) consists of 100-channel 
analog-to-digital converter plus twenty 
storage channels. Uniformity of chan- 
nel width without adjustment and ac- 
urate alignment of the end channels 
of twenty-channel groups are features. 
Any twenty-channel group can be se- 
lected for storage of data by single 
switch setting. Linearity is 0.5%; 
deadtime is 500 usec.—Tullamore Elec- 
tronics Laboratory, 6055 8. Ashland 
Ave., Chicago 36, Il. 


Memory Core Analyzers 


Model 3300 (100-channel) and Mode] 
3302 (200-channel) memory-core ana- 
lyzers accumulate data for preset time 
corrected dead-time or clock-time) 
with automatic print-out cycle. Stor- 
ing and printing cycle repeats auto- 
matically so that sample changer can 
be programmed to change samples 


during each print-out, or successive | 
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Several hundred isotopically labelled compounds are now produced regularly at 
Amersham. They include an unrivalled range of materials needed for tracer work 
in biology, pharmacology, medical diagnosis and therapy, and in many technical 


applications of chemical products—pesticides, weedkillers, hormones, and the like. 


Most of these substances can be supplied from stock—or in the case of short- 
lived isotopes, at reasonable notice—and their specific activity and chemical 
purity are generally the highest available today. 


Some examples from our current production are : 


Compounds of Thiopentone-S35, sodium salt 
Pharmacological Sulphanilamide, and other sulphonamides-S3 5 
Interest : Cysteamine-S3 5 
6-Mercaptopurine-S3 5 
Phenothiazine-S 3 5 
Di-isopropyl fluorophosphonate-P 32 
Tetraiodophenolphthalein-I1 31 
4-lodoantipyrine-I1 31 
Iodinated oils and fats-I131 
Mersalyl-Hg203 
Sodium stibogluconate-Sb124 


Surface-active Potassium ethyl xanthate-S35 

Agents : Sodium di-‘soamyl sulphosuccinate-S 3 5 
Sodium lauroylmethyltauride-S 3 5 
Sodium lauryl sulphate-S35 


Write for further information to :— 


T HE RADI Ot? #2 Mie Sas C's N TR E 
AMERSHAM + BUCKINGHAMSHIRE * ENGLAND 





TAS RC 23 
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short half-life readings can be taken 
automatically at fixed intervals. Both 
units can be split into groups of 50 
channels, each programmed externally 
to tag radiation by type or direction or 
to use as many as four scintillation 
counters simultaneously. Linearity is 
better than 0.5%; input counting rates 
are >10° cpm.—Radiation Instrument 
Development Laboratory, Inc., 5737 8. 
Halsted St., Chicago 21, Ill. 


Gamma Irradiator 


Nucor ‘‘HERO”’ series high-flux 
gamma irradiator for applications from 
600 to >2 X 10° r/hr welded- 
steel case and such low 
that it can be used in office or labora- 
tory without special construction or 
connections.—Isotopes Specialties Co., 
170 W. Providencia, Burbank, Calif 


has 
surface flux 


) * vias 


Automatic Pressure Logger 


Data-Master Type 5 is automatic, digi- 
tal data logger that 
sequentially 24 or 48 pressure lines into 
a single transducer, thereby eliminating 
multiple transducers. 
volume results in more accurate pres- 


(above) scans 


Low switched 
sure measurements by minimizing air 
flow disturbance at probe orifice and 
pressure drop at probe orifice and in 
pressure line. 

ning rate, 4 points/sec; accuracy, 14% 
(including transducer); repeatability, 
0.1%; range, 0-350 psi; switched vol- 
ume, 0.1 in.*—Hanson-Gorrill-Brian, 
Inc., 85 Glen Cove, New York. 


Thickness Tester 


Model D-2 ‘‘ Dermitron” has been de- 
veloped for measurement of coatings, 
cladding and films. A portable, elec- 
tronic instrument, based on eddy-cur- 
rent principle, it can measure nonmag- 
netic metal combinations such as 
zirconium on uranium fuel elements. 
—Unit Process Assemblies, Inc., 61 E. 
4th St., New York 3, N. Y. 


116 


Specifications are: scan- 


et a ee ee 


FR Te, A a 


Dual Spectrometer 

Model 8-13 Dual-Peak spectrometer 
measures directly the ratio 
between two separate isotopes in the 


above) 


same radioactive sample using two 
scalers, two single-channel analyzers, 
power supply, linear amplifier and pre- 
amplifier. Pulses from each isotope 
are put into separate single-channel an- 
alyzers and scalers.—Technical Meas- 
urement Corp., 140 State St., New 
Haven, Conn. 


Decontaminating Unit 


Model DEC-50 portable decontami- 
nating unit consists of single-switch, 
one-knob control; space-saving gener- 
ator with carrying handle; and trans- 
ducerized tank. Tank, made of 18-8 
stainless steel, has rounded corners for 
easy cleaning and }4-gal cleaning com- 
partment (9 534 X 534 in.).—Atomic 
Accessories, Inc., 244-02 Jamaica Ave., 
Bellerose 26, N. Y. 


Demineralization System 

Continuous-flow demineralization sys- 
tem (above) offers delivery of 50 gpm 
of ultrapure process water of 18 to 20 


meg resistance. System consists of 
twin mono-column demineralizers and 
carbon pre-filter. Operation is com- 
pletely automatic; only manual atten- 
tion required is refilling regenerant 
tanks. Effluent conductivity is both 
visually indicated and recorded. If 
effluent being delivered to service line 
falls to predetermined danger point, 
units automatically deliver to drain. 
Penfield Manufacturing Co., 19 High 
School Ave., Meriden, Conn. 


Nondestructive-Test Kit 


Bondcheck BC-1 Inspection Kit 
(above) can be used on metallic honey- 
comb, soldered, welded or brazed sur- 
faces. Test procedure begins by clean- 
ing part surface and then spraying on 
specially formulated red fluid that is 
repelled by heat and tends to flow to 
coolest area on metal surface. Next, 
controlled heat is applied from high- 
intensity infrared lamp. Heat is con- 
ducted away wherever good bond exists 
causing fluid to accumulate there. 
Areas of defective bond are visible as 
gaps in pattern.—Magnaflux Corp., 
7300 W. Lawrence Ave., Chicago 31, 
Ill. 


Paper Chromatograph Scanner 
Model PCS-1 


scanner (above) provides faster and 


paper chromatograph 


more accurate chemical analysis of C' 
other soft-beta-emitting 
It also detects beta-gamma 
emitting isotopes such as 8** and P%? 


and com- 


pounds. 
and, when operated as proportional 
counter, senses alpha radiation as well. 
Either strip or two-dimensional chro- 
matographs are handled automatically. 
Scanner incorporates detector, scaler, 
recorder and scanning mechanism.— 
Nuclear Measurements Corp., 2460 N. 
Arlington Ave., Indianapolis 18, Ind. 
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Particle Monitor 


Particulate-contamination monitor 
includes continuous and auto- 
circuit-failure indicator for all 


‘ircuits. 


(abo e 
mati 
vital Transistorized unit has 


minimum of lead shielding because 
built-in electronic compensation unit 


kee ps 


from affecting readings. 


background gamma _ radiation 
Logarithmi- 
ally calibrated scale covers range of 
10 tol X Fair- 

d Camera & Corp., 


Island, 


10-* me/em*, 
Instrument 


bbins Lane, Syosset, Long 


Automatic Scanning System 


Monitron is automatic alarm and con- 
trol system that gathers alarm and con- 
trol data stations and 
transmits it to central station at pre- 


Irom remote 
determined rate ranging from 0.2—0.02 
Moore Associates, Inc., 2628 
Spring St., Redwood City, Calif. 


SEC step. 


Low-Background Shield 


Model 800D (above) is radiation shield 
composed of four separate, stacked sec- 
tions to form various complete units 
for thin-window flow counting, G-M 
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and scintillation counting. It pro- 
vides minimum of 3 in. of iron shielding 
in all directions.—Baird-Atomic, Inc., 
33 University Rd., Cambridge 38, 
Mass. 


Shipping-Drum Pump 


Air-powered pump of stainless steel 
(above) permits minute quantities or 
volume delivery of fluids directly from 
2-in. end bung (or open head) of origi- 
nal shipping drum.—Gray Co., Inc., 
1016 Sibley St. N. E., Minneapolis 13, 
Minn. 


Radiography Unit 


Model MG 100 (above) is portable, in- 
dustrial X-ray radiography unit. Ra- 
diation angle of 42 deg allows wide field 
coverage that amounts to 76% of the 
focal-film distance. At full load (100 
kv at 4 ma), it can be operated 50 min. 
Philips Electronics, Inec., 750 S. 
Fulton Ave., Mount Vernon, N. Y. 


Swaged Thermocouple 
Assemblies 


Assemblies are designed for high-pres- 
sure, severe-vibration, corrosive, or ex- 
treme-temperature applications; consist 
of thermocouple wires surrounded by a 
ceramic insulation and encased in a 
metallic sheath. Ceramic can be mag- 
alumina, or zirconia. Sheath 
can be supplied in Inconel, Monel, alu- | 
minum, copper, and various types of | 


nesia, 


INDUSTRIAL APPLICATIONS 


OF RADIOISOTOPES WITH 
THE NEW AUTOMATIC 
~TRI-CARB SPECTROMETER 


Tracer Research involving industrial organic 


| compounds — oil and gasoline, solvents, phar- 





corn, Pp 


| Ground Water Studies—iarge scale water 


distribution problems, such as pollution and 
waste disposal. 


large Scale Tagging of plant operation with 


eh 4 
Tri-Carb Liquid Scintillation Counting 
has opened many new possibilities for 
industrial applications of radioisotopes 
by making low level counting of soft 
beta emitters a simple routine proce- 
dure. Consider the following facts to 
see how this method might be applied 
to your own work. 

Every single organic compound can 
be uniquely identified with the radio- 
active isotopes of hydrogen and carbon. 
These isotopes . . . Tritium and Carbon- 
14... are readily available and simple 
to use. They emit very soft beta radi- 
ation which cannot penetrate even a 
thin glass container. Other common 
soft beta emitters that are now being 
successfully used in industrial applica- 
tions are Sulphur-35 and Calcium-45, 

Although the Tri-Carb Liquid Scintil- 
lation Spectrometer is sensitive enough 
to be used for natural radiocarbon dat- 
ing of preserved organic materials that 
are over 40,000 years old, it is still 
simple enough to be used for counting 
hundreds of ordinary samples per day. 
Obviously the possibilities for practical 
industrial applications of radioactive 
tracers are greatly enhanced now that 
measuring equipment with this inher- 
ent sensitivity is available for routine 
use. Costs, safety, etc., cease to be 
limiting factors, and even the labeling 
of consumer products becomes a prac- 
tical consideration. 

For additional general information re- 
quest Bulletin 314. For spe- 
cific information on your 
requirements, provide appli- 


ackard 


INSTRUMENT COMPANY 
Department B 
P. O. Box 428 © LA GRANGE, ILLINOIS 
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A Single Source for COMPLETE LISTS OF THE 


stainless steel. Assemblies are 0.032 SCIENTI FIC 
STABLE 0.3125-in. o.d. with tolerances to 
+0.0005.—Advanced Dynamics, Inc., 
16321 Rockside Rd., Maple Heights, PAPERS 
ISOTOPES Ohio. to be presented at the 


SECOND INTERNATIONAL CONFERENCE 


CARBON 13 NITROGEN 15 = — on the PEACEFUL USES 
OXYGEN 17. OXYGEN 18 it 34 OF ATOMIC 
i ‘a : ENERGY 


* Highest Available Enrichments Lae - - = 1-13 September, Geneva 


and Purity -—These lists, just published by-— 
The Chronicle, represent the latest 
Ultrasonic Cleaner research throughout the world in: 
© Wide Variety of Standard La- E : radiation reactor 

beled C d Low-cost 50-watt ultrasonic cleaner REN Sate technology 

clea Compounds above) for small part cleaning, blind power radioactive 
hole washing, removal of radioactive reactor theory wastes 
*Special Labeled Compeunds contamination, etc. Stainless steel 


‘ . uses of isotopes 
physics of 


Synthesized to Order tank is 6 X 6 X 6-in.—Alcar Instru- fission 
ments, Inc., 17 Industrial Ave., Little dosimetry 


prototype 
reactors 

reactor safety 

Write for Technical Bulletin 256 Ferry, N. J. nuclear fusion nuclear fission 




















For your copy, write on your 
letterhead to: 
DOCUMENT SERVICE 


THE CHRONICLE OF 
CORPORATION UNITED NATIONS ACTIVITIES 


234 West 26th Street, New York 1, N. Y. 





P. O. Box 341 Palisades Pork, N. J. U.S.A 











@ TAKES YOUR EYE TO 
i 35) INA CCESSIBLE” INTERIORS 


ih The National Fontar® Thermocouple 
a Borescope provides sharp, P IA it 


critical close-up vision aid- Leak-proof high-pressure thermocouple 


ed by bright lighting in any } . 7 : , ; - 

‘ r use svstems W S- 
bore, threaded hole, re- MDOvn) Far Oa om eer in Aa _——— 
cess or interior surface of sures to 80,000 psi and temperatures to 


ls 
the cast, drawn, welded or 1,.000° F is designed for installation in é . 
died Ginidon, “Hi than  DETE'C:BIFO/N 


e , . vessels where ! i- 38- and % g-in.-dia 
is needed is a point of 2 é a TO SAFEGUARD YOUR EMPLOYEES 
entry .10” or larger.... openings are provided. Assemblies y, 7 


It's today’s essential for consist of iron-constantan or Chromel- 


high Qualit | : 
sneetlaarag a ges Alumel couple welded at the tip. Plug FILM 


\ free catalog illustrates and sheath of thermocouple tip are of 
\ and describes applica- type-347 stainless steel—American In- = 
EE strument Co., 8030 Georgia Ave., Silver BADG 
Spring, Md. SERVICE 


* BETA-GAMMA * NEUTRON 


Custom service—tailored to your 








needs 


Fast, efficient—consistently 
accurate 


Wide range—10mr to 1000R 


pis j Cable Address: HEPPHYSICS 
Monitoring System 


ASK FOR BORESCOPE CATALOG . Designed for continuous area monitor- HEALTH PHYSICS ; 
( ANGELAHARO INOUE TFS ES. ‘NC. ) ing around reactors, hot cells, wee. SERVICES co. 


system (above) gives automatic alarm 
WATIOWAL ELECTRIC INSTRUMENT DIVISION When radiation reaches preset level. 1109-13 Low St. - Baltimore 2, MD. 
92—21 Corona Avenue * Elmhurst 73, New York Designated RAM (Remote Area Moni- ee 
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standard units cover any three | 
cutive ranges of gamma radiation 
veen 1077-108 r/hr. Beta-gamma | 
is from 1 mr/hr to 10° r hr. 
mma energy response is independent 
n +10% from 80 kev to 2 mev;} 
exceeds +15% of actual in- | 

over entire range. Response | 
~10 see at 1.0 mr/hr.—The| 
oreen Instrument Co., 5806 Hough | 
Cleveland 3, Ohio. 





High-Speed Scaler 


Mi 762 Hi-Speed scaler (above) con- 

input pulse-height discrimi- 

fast scale of 10, three slow-speed 

decades and six-digit electro- 

inical register. Fast scale uses 

ighs beam-switching tube cap- 

>10° cps. Slow-speed decades 

are ekatron counter tubes capable of 

5,000 cps. Resolving time (pulse 

1 psec, coincidence loss is 

<0.2% measured at 20,000 random 

cps. Count capacity is 10!° with 10° 

displayed.—The Victoreen Instrument 

Co., 5806 Hough Ave., Cleveland 3, 
Ol 


Pulsed Neutron Generator 


Pulsed neutron generator consists prin- 
of vacuum system, ion source 
production of deuterons and 

s electrodes for extraction and 
ration of the beam of ions to 
es up to 100 kev. 
ns strike a target containing deu- 


At this energy 


or tritium and produce neutrons 
nuclear fusion reaction. Neutron 
lat the target exceeds6 X 10°n/sec 
Yields in 
of 6 X 10’ n/see can be ob- 
with H*(d,n)He* reaction. 
Laboratories, Inc., 3086 Clare- 
Ave., Berkeley 5, Calif. 


LITERATURE AVAILABLE 


Accessories for nuclear field are in- 
cluded in 18-p Catalog A.—Atomic 
Accessories, Inc., 244-02 Jamaica Ave., 
Bellerose 26, N. Y. 


m 2H(d,n)He* reaction 


Scintillation phosphors are subject of 
10-p booklet that contains up-to-date 


1 ae es 
PORTABLE 
Log-linear, 
Gamma-Beta 
SURVEY 
METER 


For New Freedoms in 
Survey Work— No. 
Other Instrument Needed, 
Gamma/ Beta Log Linear — Fast Response Time! 


Mode! GB-1 


Log-linear pressurized ionization chamber portable survey meter. Fast 
response time O to 1 mr/hr linear and two 3 decade ranges from .5 to 
500 mr/hr, .5 to 500 R/hr. Mercury battery powered — 300 hr. continuous 
operation, one year intermittent. Allows fast lab monitoring of low level 
Gamma-Beta radiation with the linear range and incorporates two higher 
log ranges for general survey work. Energy dependence — flat to within 
+10% from 80 KV to 1.2 Mev. 


Features include fast linear response time (one linear range 0-1 mr/hr), 
ability to measure high radiation with two logarithmic ranges (.5 mr/hr to 
500 R/hr), Gamma-Beta sensitive, compact case design, eliminates need 
for two separate instruments. Model GB-2, same as Mode! GB-1, less the 
hinear Range with two Logarithmic Ranges, .5 to 500 mr/hr, 5 to 500 R/hr. 
Model GB-3, same as mode! GB-2, but with 
one logarithmic range, .5 to 500 mr/hr. 


RIGGS Remote Area 
Gamma Monitor (GA-3 Series) 


A completely self-contained, independent system with pressurized 
logarithmic response ionization chamber. Model GA-3B has Mercury bat- 
tery supply for 4 months continuous operation. Model GA-3BA same as 
GA-3B but with AC power supply failsafe to DC. Model GA-3A available 
in AC power supply only. 


General Features and Specifications 
Any continuous combination 3-decade logarithmic ranges from 
.01 mr/hr to 100,000 R/hr. 
Energy Dependence 
Flat to within + 10% from 
80 KV to 1.2 Mev. 
Alarm Control! System 
Meter relays DC manual (optional). 
Alarm relay rated 115V AC 2 amps. 


Recorder Output 
10 mv operated directly from 
output of unit. 

Electronic Calibration 
Complete circuit check of all ranges 
both ends of scale. 


Write for free illustrated technical literature and price lists. 


RIGGS (1: #1) 


NUCLEONICS CORP. 


Potents Pending 


information on characteristics of scin-| '71'7 North Victory Boulevard, Burbank, California 
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potential of nuclear energy Addit 


METALLURGY or ENGINEE 


Scientists and engineers of Bettis Atomic Power Division have contributed 
much toward the development of nuclear energy as a power 
source. However, each day’s effort broadens the base of our knowledge 


and brings to light newer, still more complex problems to be solved. 


there is 


— 


' much 


3 a 
2), to be done 


{ 
— 





if we are to achieve the ultimate 
into this 


There is much to be done 
men must be brought 
field . . . men with the intelligence and creative capabilities 
pate in the development of this new technology. 
>d degree in PHYSICS, MATHEMATICS, 


ire a U.S. Citizen, you are invited 


necessary to partic 


If you have an advance 


to contribute your intelligence and experience to this vital work. 
Address your resume to: M. J. Downey, Dept. A54, 

Bettis Atomic Power Division, Westinghouse Electric Corp. 
Box 1468, Pittsburgh 30, Pa. 


BETTIS ATOMIC POWER DIVISION 


Westinghouse 


BETTER YOUR FUTURE AT BETTIS 
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tillation phosphors, typical gamma-ray 
spectra, bibliography, ete.—The Har- 
shaw Chemical Co., 1945 E. 97th St., 
Cleveland 6, Ohio. 


Rolling mill for both hot and cold 
processing of nuclear metals is shown 
in 12-p Bulletin 1057.—Stanat Manu- 
facturing Co., Inc., 500 Shames Dr., 
Westbury, N. Y. 


Fuel-element bibliography contains 
more than 300 references with ab- 
stracts.—Sylvania-Corning Nuclear 
Corp., Bayside, N. Y. 


‘Radiation Effects and Electronic De- 
vices’’ is title of 4-p pamphlet.—Amer- 
ican Nuclear Science Corp., 61 Broad- 
way, New York 6, N. Y. 


Pressure vessels, tanks, piping, etc. 
are subjects of 8-p Bulletin 550.—L. O. 
Koven & Brother, Inc., 154 Ogden 
Ave., Jersey City 7, N. J. 


Miniature inspection lamps and ac- 
cessories are covered in two 4-p bulle- 
tins.—Eder Instrument Co., 2293 N. 
Clybourne Ave., Chicago 14, III. 


Tantalum sheet and foil (mill and 
stock) prices are listed in 6-p Price 
List 2.602-1.—Fansteel Metallurgical 
Corp., North Chicago, IIl. 


Film-badge services offered are de- 
scribed in 8-p pamphlet.—Controls for 
tadiation, Inc., 130 Alewife Brook 


Pkwy, Cambridge 40, Mass. 


Sample-counting equipment selection 
is subject of Bulletin 89 that places par- 
ticular emphasis on choice of detector, 
its shielding and sample positioner 
or changing mechanisms.—Tracerlab 
Inc., 1601 Trapelo Rd., Waltham 54, 
Vass. 


Glove boxes, fume hoods, radioactive- 
waste containers, etc. are described in 
12-p folder.—S. Blickman, Inc., 8400 
Gregory Ave., Weehawken, N. J. 


‘Industrial pH Equipment’’ is title of 
8-p Bulletin 5400. 
ments Div., Beckman Instruments, 
Inc., 2500 Fullerton Rd., Fullerton, 
Calif. 


Process Instru- 


Refractory materials (ZrO2, BeO, 
MgO, ThOs, etc.) are listed in techni- 
cal data sheets.—Zirconium Corp. of 
America, Solon, Ohio 
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NUCLEAR CAMPUS 


*New Nuclear Training Facilities. 
Univ. of Arizona, Tucson, will install a 
10,000-watt, $160,000, multipurpose 
reactor this summer—purchased from 
General Atomic division, General Dy- 
namics. . . . Georgia Institute of 
Technology has broken ground for its 
$600,000 radioisotopes and_bioengi- 
neering lab to house a subcritical as- 
sembly and Van de Graaff accelerator; 
completion is scheduled in spring of 
1959. . . . Washington State College 
expects to complete its research reactor 
building in August; a swimming pool 
unit will be installed early next vear. 
AEC has invited proposals to 
build Puerto Rico’s projected nuclear 
research center at Mayaguez; bids 
were due June 5. ... Texas A & M 
has hired General Dynamics’ Convair 
division to develop plans for expansion 
of A & M’s nuclear facilities; $675,000 
has been allocated fcr preliminary ex- 
penses of a nuclear science center and 
building will begin when the Convair 
study is finished. . . . The Air Force 
Institute, Wright-Patterson Air Base, 
has installed a natural-uranium, light- 
water-moderated subcritical assembly; 
a pulsed neutron source will be installed 
to give the assembly greater versatility. 
. Florida State Univ. has ordered 
two linear accelerators from High 
Voltage Engineering—a 10-Mev tan- 
dem-type machine and a_ smaller 
3-Mev unit. ... Univ. of Virginia 
expects to complete its 100-kw swim- 
ming-pool reactor late this year; it is 
being built with the aid of industry con- 
tributions valued at $200,000, one- 
fifth total cost. 


Courses 


Principles of Radioisotope Utilization, 
a special summer course, is being of- 
fered by Massachusetts Institute of 
Technology July 14-25. 


Nuclear Rocket Theory is being offered 
by Atomics International to the engi- 
neers of its sister division of North 
American Aviation—Rocketdyne. 
The course is given in 26 sessions, 
twice each week for a 3-month period. 


Scientific Russian, a course designed 
for graduate engineers and scientists, 
will be offered June 16-August 9 by 
Carnegie Institute of Technology. 
Stress will be on a quick acquisition of 
reading knowledge in technical litera- 
ture. 
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Gamma gaging system developed by Ohmart Corporation for 
measuring density of caustic solution in a chemical processing plant, 
utilizes a specially-designed gamma source from United States 
Radium Corporation—another of the thousands of industrial and 
research installations where USR. products are now being used. 

United States Radium Corporation, leading supplier of radio- 
active products for over 30 years, offers a diversity of gamma, beta 
and neutron sources in varying configurations, intensities and 
energies. Sealed gamma sources for liquid level gaging, radiography 
and other programs requiring penetrating radiation are available to 
meet any feasible design and performance requirement. Gamma 
sources in point, cylindrical, linear and other forms incorporate Ra, 
Co®", Cs'!84, Cs'37, Eu!®? and other isotopes. 

Beta sources utilizing H*, C!4, Ni®’, Pm'47, T1294, Kr55, Sr®° and 
other beta-emitters are offered in various intensities and design 
parameters. Neutron sources, calibrated or uncalibrated, can be 
obtained from USR in radium-beryllium, radium D-beryllium, 
polonium-beryllium and actinium-beryllium. Light sources, for 
marking and signalling, are now available with H*, C'*, Kr**, Sr®°, 
Pm!*7, Tl2°4 isotopes. 

United States Radium Corporation invites your inquiries with 
respect to specific source requirements. Write Department F6. 


UNITED STATES RADIUM CORPORATION 


MORRISTOWN, N. J. | Offices: Chicago, Illinois and No. Hollywood, Calif. Affiliates: Radelin Ltd., 


Toronto,Canada and United States Radium Corp. (Europe), Geneva, Switzerland 
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MODEL 412 MERCURY RELAY 
PRECISION SLIDING PULSER 
for Precise Calibration of Single 

& Multi-Channel 
Pulse Height Analyzers 
Determines Window AUTOMATICALLY 
Udine Pri iple of CURATELY 
Genter anrasr | “CoRAUER NAY 
elocity PULSERS 


Incorporates 
Both 
Control and 
Precision 
Motor Drive 


Simulates Pulses 
from Scintillation, 
Proportional, or 
Geiger Counters 


MERCURY PULSER, Model 401 


Featuring roe and Precision 
SPECIFICALLY 
DESIGNED 
for the 
NUCLEAR 
PHYSICS 
LABORATORY 


FAST RISE AND EXPONENTIAL DECAY 
SIMULATES SCINTILLATION, PROPOR 

TIONAL OR GEIGER COUNTER PLUSES 
FOR TEST AND CALIBRATION OF AMPLI- 
FIERS PULSE HEIGHT ANALYZERS, 
SCALERS, ETC. 








Model 412 $450.00 
Model 401 $125.00 
Radiation Instrument Co. 

P. O. Box 773 Silver Spring, Maryland 
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Glucosides, Glucoped 
trimet hylammonium 
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NEWSMAKERS 


Robert Paxton, executive vice presi- 
dent, operations, at General Electric, 
is GE’s new president. With the com- 
pany since 1923 and a vice president 
since 1950, he succeeds Ralph J. Cordi- 
ner, who moved up to chairman of the 
board. Paxton now becomes responsi- 
ble for managing all of GE’s operations 
components. 
Bruce R. Prentice has been named 
manager of nuclear 
(Europe) for GE’s 
atomic 
equipment dept., a 


applications 
power 


new post in the 
firm. 
establish his head- 
quarters in Switzer- 
land, responsible for 
sale of APED prod- 
ucts and services on 
Prentice the Continent with 


Prentice 


Prentice will 


emphasis on power reactors. 
manager of nuclear sys- 


APED. 


was formerly 
tems design study for 


Two new changes at AEC’s Hanford 
Works: H. H. Schipper will fill a new 
post—assistant manager for technical 
operations; 
of construction, engineering and supply 
-has been assumed by D. J. O'Neil. 


his former post—director 


Zirconium Corp. of America has a new 
technical director—Paul Yavorsky, 
former chief ceramic engineer at 
McDaniel Refractory Porcelain Co. 
John T. Bailey has been named chief 
design engineer, Vitro Engineering div. 
of Vitro Corp. of 
America. The 
appointment 
marked his tenth 
year with the firm; 
among his responsi- 
bilities 1948 
have design- 
construction of the 
Armament Center, 
Eglin Air Force 
and design of launching facilities 
Army’s Hawk missile. 


since 
been 


Bailey 


Base, 
for the 


Guy Suits, GE 
search director, has 
director of the Industrial 
Institute. 


vice president and re- 
elected a 
Research 


been 


One of Britain’s leading young engi- 
neers, H. H. Gott, has been named nu- 


clear plant design engineer, Central 
Electricity Board. Gott 
was formerly chief engineer for reactor 
Atomic 


Generating 


design, industrial power branch, 
Energy Authority. 

AEC’s engineering development branch 
chief—Francis E. 
head of reactor engineering 


has a new section 
O'Meara, 
and formerly a staff member of the 
weapons system evaluation group at 


the Pentagon. 


William S. Gallaway has been 
Beckman 


where he 


appointed senior physicist, 
Instruments’ scientific div., 
will direct exploratory research 


into advanced types of analytical 


instrumentation. 


W. A. Pulver has been appointed chief 
Georgia div. of Lockheed 
Aircraft, succeeding R. W. Middle- 
wood. The latter has taken on the 
directorship of Lockheed’s new Georgia 
Nuclear 


engineer, 


Laboratories. 


Westinghouse has John W. 
Simpson, manager of the Bettis atomic 

; power div., to cele- 
q brate his twentieth 


year with the com- 


helped 


pany by promoting 
him to a vice presi- 
dency. Under 
Simpson’s direc- 
tion, Bettis has de- 
veloped the 
tors for Shipping- 
and the 
submarine program and is working on 


reac- 


Simpson port naval 
reactor development for cruisers and 


aircraft carriers. 


Fred L. Niemann has been named phy si- 
technical sales, High Voltage 
Engineering Corp. Niemann’s past 
associations have been with Hycon 
Eastern, MIT’s Lincoln and Radiation 
laboratories, Harvard’s nuclear 
ratories, and the Office of 


Research. 


cist in 


labo- 
Naval 


Nine National 
scientists have been raised to the rank 
of senior Paul R. Fields, 
Lawrence E. Glendenin, Gerhart R. 
Hennig, John R. Huizenga, Bernard 
Smaller, Ellis P. Steinberg, Robert J. 
Thorn and Philip H. Yuster, all of 
chemistry div., and Martyn H. Foss, 
accelerator div. 


Argonne Laboratory 


scientist: 


particle 


New members of the atomic energy 


div., Phillips Petroleum, are: Kirby S. 
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Dawson and John P. O'Neil, reactor 
engineers; John Waage, research engi- 
reactor physics and engineering 
Norwood V. Fridal, health 
Materials Testing Reactor; 
Douglas W. Divine, reactor computa- 
tions mathematician; and Michael G. 
Blitch, reactor physicist. 


neer, 
bran h: 
physicist, 


Stone « 
has created an 

di and selected 
Elliot F. Jaquith to 
head the 
chief engineer. 
Jaquitl 


merit engineering 


Webster Engineering Corp. 


industrial projects 


unit as 


was for- 


nager London 

ffice, for Stone & 
Webster’s British 
subsidiary, E. B. 
Badger & Sons. 
He handled Badger projects in the 
U. K., Europe and Middle East. 


Jaquith 


W. Harrison Faulkner, Jr., a 10-year 


man W ith Tracerlab, has been elected 


vi president for engineering and 


development. 


Horace A. Howe has joined the staff, 
Naval Defense Labora- 
tory, as head of the accelerator branch, 
nucleonics Other staffers 
are: Moris L. Shore, biophysics branch; 
and Hans Weltin, on temporary assign- 
ment until this fall, when he becomes 
head of the physics dept. at Robert 
College, Istanbul, Turkey. 


{adiological 


div. new 


American Machine & Foundry’s atomic 
energy div., putting new emphasis on 
foreign operations, 
has picked Nicholas 
Ovuka, a 14-year 
veteran in atomic 
energy, to handle 
liaison with AEC, 
other government 
agencies, private 
firms repre- 
sentatives of foreign 
countries interested 
His career includes 
with the Manhattan project, 
and Babeock & Wilcox. 


and 


Ovuka 


in atomic energy. 
service 


AK( 


Two research posts have been filled by 
Corning William W. Shaver 
has taken over the fundamental physi- 
cal research dept., succeeding Howard 
R. Lillie. 

staff research manager; Shaver 
continue his 


Glass 


Lillie has moved up to a new 
pe yst 
atomic 


will energy re- 


search in his new job. 
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Henry G. Petrow has left National 
Lead Co. to join Ionics, Inc., as senior 
research chemist. At National Lead 
he was chemical research director in 
the AEC-owned Raw Materials De- 
velopment Laboratory, Winchester, 
Mass. 

H. Frederick Hamann has been ap-| 
pointed patent counsel for the Nuclear 
Products-Erco div., ACF Industries, 
after four-and-a-half years as a patent 
Alamos Scientific 


attorney at 
Laboratory. 


The former assistant director and chief 
engineer at the California 
Radiation Laboratory, Livermore, has 
established a firm under his name— 
William M. Brobeck & Associates, 
Oakland. Brobeck served as a mem- 
ber of AEC’s national steering com- 
mittee for the controlled fusion pro- 


Univ. of 


gram, 1954-57. 


A major post at Atomics International 
has been filled by Clement F. Burnap, a | 
technical salesman | 
stressing licensing 
activities in the 
marketing of re-| 
actors abroad.| 
Burnap is former | 
sales manager, for- 
eign operations, at 
Reynolds Interna- | 
tional, and has had | 
extensive experi- 
ence in establishing heavy chemical and 


Burnap 
power plants in foreign countries. 


Paul F. Sweifel has been named associ- | 
ate professor of nuclear engineering, 
Univ. of Michigan, for a two-year | 
period this fall. Sweifel | 
is a member of the AEC advisory | 
committee on reactor physics. 


beginning 


Rudolf P. Nissen is a new staff member | 
of the accelerator development dept., 
Brookhaven National Laboratory. 


Alco Products has moved two of its 
executives to the top positions: Perry 
T. Egbert, president, to board chair- 
man; and William S. Morris, executive 
vice president, to president. 


Four men have joined Nuclear Corp. of 
America: Milton M. Waller, vice 
president; David G. Keller, personnel 
director; James H. Hutton, advisory 
engineer; and Donald S. Kellogg, con- 
sulting engineer. Hutton was man- 
ager of programs for Bell Aircraft’s 
former nucleonics dept. 





RCA’s 


ATOMIC 
ENERGY 
SERVICES 


...@ Valuable ally 
for your 
nucleonics 
project 


Specially qualified personnel and 
veteran management in RCA’s 
Atomic Energy Services help any 
nucleonics project off the ground 
into smoothly functioning effi- 
ciency. Services include . . . 


REACTOR S/IMULATORS 
AND TRAINING DEVICES 
SYSTEMS ENG/NEERING 
RADIOLOG/CAL SURVEYS 
SAFETY PROGRAMS 
TECH PUBLICATIONS 


PLANT AND 
FACILITY OPERATION 


Tmk(s) ® 


For further information write or call. . . 
GOVERNMENT SERVICE DEPARTMENT 


RCA SERVICE 
COMPANY 
A Division of 
Radio Corporation of America 


Cherry Hill, Camden 8, N. J. 
WOodlawn 3-8000 Ext. PY-5449 





é 


Mode! 1230: 5 sources, $150 


CALIBRATED GAMMA 
REFERENCE SOURCES 


Six reference sources (Cobalt-57, Barium-133, 
Cesium-137, Manganese-54, Sodium-22, Cobalt- 
60) providing both known gamma ray energies 
and intensities . . . ideal for qualitative and 
quantitative techniques. Useful with all types 
of gamma sensitive detectors . . . designed par- 
ticularly for well-type scintillation detectors. 
Each source with an activity of less than 0.1 uc 
(no AEC license required), yields about 50,000 
to 100,000 CPM above 20 KEV. Isotope perma- 
nently sealed within lucite holder. 


Technical bulletin with complete decay schemes 
and specifications available on request. 


new england corp. 


575 ALBANY STREET BOSTON 18 


SALES REPS: Atomic Associates, Inc., Packard 
Instrument Sales Corp., Radionics, Lid., 
Montrea 








A Complete and 
Versatile Scintillation 
Detector For 
Research, Medical 
and Industrial Use 


Write for Bul- interchangeably ac- 
letin #11 with commodates all 
complete infor- Sodium lodide (TL) 
mation, perform- q h crystals as well 
ance data, spec- as all National 
ifications and Radiac alpha, 
prices. : i. beta, gamma and 
. neutron detectors. 
The self-contained amplifier can 
be coupled directly to any scaler 

or rate meter. 





bac \nc. 


479 WASHINGTON STREET 
NEWARK, NEW JERSEY 











N 
UCLEAR CALENDAR 


June 15-19—Semiannual Meeting of This Where-To-Buy section has been 
established for manufacturers desir- 
ing advertising in space units smaller 
than run of book display space, and 
is available in units from one to four 
inches. Every ad is indexed. This 
section is both effective and econom- 
June 16-20—Fifth Annual Meeting, In- ical, to you, the advertiser. 
ternational Congress on Electronics Rates are per inch per insertion. 
and Atomic Energy, Rome. Concur- Contract rates are based on the use 
rent exhibition on peaceful uses of of 6 or 12 issues within the contract 
atom will run through June 30. year, and as specified below: 
1 Time $22.50 6 Times $21.00 
June 19-21—5th annual meeting, Society 12 Times $19.50 
of Nuclear Medicine, Los Angeles. 
Contact G. C. Kyker, ORINS Medi- Send inquiries to 
eal Div., Box 117, Oak Ridge, Tenn. Classified Advertising Division, 
Nucleonics, Post Office Box 12, 
June 23-27—1958 Gordon Research Con- N.Y. 36, N.Y. 
ference on Nuclear Chemistry, Meri- 
den, N. H. (Kimball Union Academy). 
Talks on nuclear spectroscopy, photo- 
nuclear reactions, heavy ion reactions, |] RI NALYS IS SERVI ( 
hot atom chemistry, chemical tech- 
niques. Contact W. George Parks, 
U. of Rhode Island, Kingston. 


American Society of Mechanical En- 
gineers, Detroit (Statler). Contact 
ASME, 29 West 39th St., New York 
i; B.'s: 








NSEC laboratories are staffed and equipped to 

perform routine and emergency urinalysis for: 

June 24—Third Annual Symposium on * Total uranium * Polonium 
Radiation Effects, Boston (Statler), * Enriched uranium © Fission products 
sponsored by American Society for * Plutonium * Gross activities 
Testing Materials and Atomic Indus- * Other radioactive isotopes 


Nacleax Seconce and Engineering Comp. 


trial Forum. Papers on dosimetry, 
new irradiation facilities, and irradia- 
tion studies on organics, metals and 
ceramics. Contact J. H. Kittel, Ar- | |?-O. Box 10901, Pittsburgh 36, Penna. 
gonne National Laboratory, Lemont, 
Ill., or A. N. Tschaeche, Sandia Corp., 
Albuquerque. 











YOU can’t afford to be without 
Aug. 10-16—International Congress of 


Radiation Research, Burlington, Vt. F | LM BA D G . 


Contact John S. Coleman, 2101 Con- 
stitution Ave., Washington 25, D. C. .) E RV | C z 
— 2 = 


Sept. 1-13—Second International Con- 
ference on Peaceful Uses of Atomic 
Energy, Geneva, sponsored by United 
Nations. Contact Sigvard Eklund, 
United Nations, N. Y. NUCLEAR SERVICE LABORATORY 

4020 Buffat Road, NE Knoxville 14, Tenn: 


especially at our low, low rates! 


For Rates or Information— WRITE: 











Sept. 15-19—International Instrument- 
Automation Conference, Philadelphia 
(Convention Hall), sponsored by the THE MOST EXPERIENCED 


Instrument Society of America. Pro- FILM BADGE SERVICE 


gram includes two technical ses- 
sions on nuclear instruments. Con- ST. JOHN X-RAY LABORATORY 


tact Fred J. Tabery, 3443 8S. Hill St., CALIFON, NEW JERSEY 
Los Angeles. Established 1925 











Sept. 16-20—International Symposium 
on Nuclear Electronics, Paris Hi-Density Shielding Aggregates 
(UNESCO House). Contact Col- ILMENITE-MAGNETITE-BARITE 
loque International Electronique Nu- 
cleaire, 10 Avenue Pierre-Larousse, ENSIO, WHITON & ASSOCIATES 


Malakoff (Seine), France. 175 Main St. 209 Davenport Rd. 
White Plains, N. Y. Toronto 5, Canada 














Oct. 15-17—Second Energy Resources | 
Conference, Denver (Brown Palace). P@iepaeaa aga Peale 
General theme is ‘‘energy and its im- | Giant FREE CATALOG 
pact on society”’; also discussion of 
the world’s oceans as an energy source. Comp pes ° 
Speakers include Warren Johnson, Pitan dees So camps > age: 
Univ. of Chicago, reporting on the to See the Wonders of Space! 
Geneva conference. Contact Denver RSQUEST FREE SO-PAGE CATALOG “EE 
Chamber of Commerce. | 


OVER 1,000 OPTICAL BARGAINS! 





EDMUND SCIENTIFIC CO. BARRINGTON 
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EMPLOYMENT OPPORTUNITIES 
NATIONAL ; 4 The Advertisements in this section include all employment opportunities 


—executive, management, technical, selling, office, skilled, manual, etc. 


ENGINEERS—SCIENTISTS 
NUCLEAR SPECIALISTS COVERAGE Positions Vacant Civil Service Opportunities Employment Agencies 


Positions Wanted Selling Opportunities Wanted Employment Services 
Part Time Work Selling Opportunities Offered labor Bureaus 


DISPLAYED ———RATES-——_ UNDISPLAYED 


The advertising rate is $19.33 per inch for all $1.80 per line, minimum 3 lines. To figure 


ese e,* advertising appearing on other than a con- payment count 5 average words as a line. 
Additional Opportunities tract basis. Contract rates quoted on request. Position Wanted ads are 4 of above rate. 


An advertising inch is measured }” vertically Box Numbers—counts as | line 


ith St dil Fy ndin on a column—2 columns—30 inches to a Discount of 10% if full payment is made in 
Wi ea | y pa g page advance for 4 consecutive insertions 


Subject to Agency Commission. Not subject to Agency Commission 


C acf act Send NEW ADS or Inquiries to Classified Adv. Div. of NUCLEONICS, P. O. Box 12, N. Y. 36, N. Y. 


Nuclear Products-Erco Division 
ACF INDUSTRIES INC, 


° ‘ 
This ACF Division has rolled up a :@ 
a 


record of conspicuous success in com- res 














mercial nucleonics (research, test, 

power and training reactors) since it CG. E N i= RA L ATO RA t Cc 
entered the field in the early days of DIVISION OF GENERAL DYNAMICS CORPORATION 
eactor development. nats ibis. dadiedininn 

Right now Nuclear Products-Erco 


Division (Washington, D.C.) is serving Accepting Applications from 


as prime contractor for the research 


7 te oo ee MECHANICAL DESI 
\F Base as well as several foreign 
vernments; and designing 2 major 


power reactors for the Atomic Energy NG MEER 


Commussion. 


In Albuquerque, ACF is making major with strong background in classical stress analysis 
and experience in stress model design and interpretation. 


developmental contributions in the 
ield of nuclear rocketry in conjunc- 
on with the AEC 


Listed are a few of our many expan- PLEASE SEND RESUME TO: H. H. MC GEATH, PERSONNEL REPRESENTATIVE 
sion-created positions at: GENERAL ATOMIC, P.O. BOX 608, SAN DIEGO 12, CALIFORNIA 


ALBUQUERQUE 
NEW MEXICO 
(Nuclear Rocketry) 


2-PHASE FLUID FLOW Ph.D. NUCLEAR PHYSICIST 
ae ee Background and experience desir 
nauore GADLING GONE GHA. QUICK SOLUTION TO MAN able in government and commercial 
laboratories, preferably in radiation 
WASHINGTON, D.C. POWER PROBLEMS ... detection systems. Age 30-40, Must 
(Reactor Design) be capable administrator. To head 
HAZARDS ENGINEER Physics Department in small, estab- 
THEORETICAL NUCLEAR PHYSICISTS through the EMPLOYMENT OPPORTU- lished and growing nuclear firm. 
EXPERIMENTAL PHYSICISTS c eee Salary commensurate with experience, 
(pevtérinnce af Soibed NITIES Section of the publication. The substantial stock option available. 
nuclear experiment) 





market place for those offering or wanting Address re ete directly » R. A. 
REACTOR OPERATOR Brightsen, President, Nuclear Science 
years experience in reactor the services of men on engineering, technical and Engineering Corporation, P. O. 
start up or operation) : Box 10901, Pittsburgh 36, Pa. 

SR. NUCLEAR INSTRUMENTATION ENGR. and enscutive level. . 
(head instrumentation group) 





This section offers a quick, effective solution 





Salaries are commensurate with 
background and experience. to your man power problems, because its 


Pr Your inquiry will have 
iddress your resume in confidence to: readership is confined to just the type of men ° > 
Edward Blatchley Special Value .. . 


you need... Waste circulation is avoided 


If you mention this magazine 
NUCLEAR PRODUCTS-—ERCO . . . You reach only the men you want. when writing advertisers. Natu- 


Division of ACF Industries Inc. rally, the publisher will appreci- 
508 Kennedy Street, N.W. ate it ... but, more important, it 
Washington 11, D.C. NUCLEONICS will identify you as one of the 

P.O. Box 12 men the advertiser wants to 
reach with this message . . . and 
help to make possible enlarged 
future service to you as a reader. 


Classified Adv. Div., New York 36, N. Y. 
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EMPLOYMENT OPPORTUNITIES 





IBM 


NUCLEAR 
PHYSICISTS 


Theoretical Physicists 


to investigate basic physical environ- 
ment encountered by advanced 
weapons systems. Must have M.S. 
in Physics and theoretical experience 
in: nuclear physics, cosmic radiation, 
astrophysics, magnetic phenomena, 
tropospheric properties. 


704 Programmer Analyst 


to study data flow diagrams and 
write the differential equations of 
a circuit diagram. Should be 
familiar with transforms, numerical 
analysis, nuclear shielding  tech- 
niques, and construction of a mathe- 
matical model of a nuclear reactor. 
Assignment entails: investigating 
analog and digital real-time con- 
trol systems using high-speed elec- 
tronic digital and/or analog com- 
puter; shielding of components 
from nuclear radiation. Must have 
M.S. in Physics and at least two 
years’ experience in control systems 
analysis and/or nuclear shielding 


techniques. 


‘ ; vant f IBM 
ducation and experience pay off... at the Advantages o 

proper time and proper place. A recognized leader in the elec- 
tronic computer field . . . advance- 


You can capitalize on your qualifications here ment on merit . . . company-poid 


and now. Honestly, is there any reason why you should relocation 
not measure up to the opportunity offered by this pioneer company benefits . . 
in Atomic Energy? mensurate with ability and ex- 


expenses .. . liberal 
. salary com- 
perience. 


Positi n currentl 
SEWERS SPOn Currermy for immediate openings at Owego, N. Y. 


PHYSICAL CHEMISTS WRITE, ovtienng your qualifications 
METALLURGISTS and experience, to: 
CHEMICAL ENGINEERS me. be Strohm, Dept. 623R 


: ‘ Owego, New York 
For further information regarding our organization and specific 
operations, write the Employment Supervisor, Department J-101. 








INTERNATIONAL 
BUSINESS MACHINES 
CORPORATION 





| DATA PROCESSING 

ELECTRIC TYPEWRITERS 
OF OHIO MILITARY PRODUCTS 
Contract Operator SPECIAL ENGINEERING PRODUCTS 
‘ fe P SUPPLIES 
Fernald Atomic Energy Commission Project TIME EQUIPMENT 


P. O. Box 158, Mt. Healthy Sta., Cincinnati 31, Ohio 
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EMPLOYMENT OPPORTUNITIES 





furthering 


creative technology at The 


KNOLLS ATOMIC POWE 


To aid KAPL scientists and engineers in design- 
ing the pressurized-water reactor for DiG — the 
world’s first atomic-powered destroyer — a new 
reactor experimental facility has been completed 
at the Laboratory. Called Plastic Mock-Up 
Assembly (PMA) because of its plastic moder- 
ator to simulate water, this equipment permits 
study of various reactor physics characteristics 


without an actual water system. 


PMA (pictured at right) is one example of the 
advanced research tools which are available to 
engineers and scientists at KAPL for solving 
complex problems arising in the design of 


nuclear reactors. 


Included among the other research facilities at 
KAPL are the IBM 704 computer, and a transis- 
torized time analyzer used in the measurement of 
neutron spectra. These facilities are being used 
on several major nuclear projects, including the 


two-reactor propulsion system for Jriton — 


PROFESSIONAL OPPORTUNITIES 


Engineers and scientists with high 
qualifications in the areas listed 
below are invited to inquire about 
openings on study, development, 
and design groups at The Knolls 
Atomic Power Laboratory. Degree 
required; advanced degree and/or 
related experience preferred. 


world’s largest submarine. 


U. S. CITIZENSHIP REQUIRED. 


If you can qualify, 
please send resume including salary requirements to: 
Mr. A. J. Scipione, Dept..44-MR : POWER PLANT SYSTEMS 

REACTOR SERVICE EQUIPMENT 

HEAT TRANSFER-FLUID FLOW 
Knolls A lomic Pwer Z aboralory STRESS AND THERMAL ANALYSIS 
OPERATED FOR AEC. BY TECHNICAL WRITING AND EDITING 
THEORETICAL AND EXPERIMENTAL PHYSICS 


GENERAL GQ ELECTRIC (9g muemanans 


ScHENECTADY, New York 
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EMPLOYMENT OPPORTUNITIES 





ATOMIC POWER 


DEVELOPMENT 








Engineering & Research 

Openings for: 

*NUCLEAR FUEL 
METALLURGIST 

*NUCLEAR MATERIALS 
ENGINEER 

*REACTOR PHYSICIST 

*REACTORCONTROL ENGR. 

eSR. REACTOR ENGINEER 

*INSTRUMENT & CONTROL- 
APPLICATION ENGR. for 
complete Atomic Power Plant 

*HEAT TRANSFER & FLUID 
FLOW ANALYST 

*HEAT EXCHANGER 
SPECIALIST 

¢SR. REACTOR PHYSICIST 

Engineering or Scientific Degree 

and minimum of two years’ ex- 

perience in atomic field desirable. 


Design and development work in 
Detroit on the Enrico Fermi 
Atomic Power Plant and develop- 
ment of Fast Breeder Reactors for 
use in generation of electric power 
—supported by major Industrial 
and Utility Companies in fore- 
front of pioneering development 
which has attracted world-wide 
interest and contacts. 


Salaries commensurate with abil- 
ity and experience. 


Write: 


GeorceE A. SoLp 
ATOMIC POWER DEVELOPMENT 
ASSOCIATES, INC. 


1911 First Street 
Detroit 26, Michigan 














for 


REQUIREMENTS: Completion of a 
desirable but not essential. 


of cancer patients. 


niques and intracavitary techniques. 


with pay, generous pension plan. 


APPLICATIONS: Forms and further 


Legislative Bldg., 





BENEFITS: Three weeks holiday and three weeks sick leave 


HOSPITAL PHYSICIST 


required by 
SASK. DEPT. OF PUBLIC HEALTH 


ALLAN BLAIR MEMORIAL CLINIC 
SASK. CANCER COMMISSION, REGINA, CAN. 


SALARY: Applicants should state minimum salary that is acceptable. 


four years honours course in physics 


and a graduate degree in physics. Previous experience in hospital physics 
DUTIES: To work in collaboration with medical staff in the treatment 


APPARATUS: Conventional x-ray therapy units and cobalt 60 teletherapy 
unit. This latter is suitable for both fixed and rotational therapy. 
is a fully equipped and active isotope section. 800 mgm. of radium are 
in constant use for treatment for surface applications, implantation tech- 


There 


annually 


information available at: 


Public Service Commission, 
Regina, 
Applicants should refer to file No. c/c4737 


Sask., Canada. 











CHIEF ENGINEER 

$18,000.00 PER YEAR 
Will have complete responsibility for design and 
development of electrical and electronic check 
out and control systems for ground based sys- 
tems. Areas include ground instrumentation, 
electronic check out equipment, power distribu- 
tion and support labs. Company client assumes 
all employment expenses. 

Monarch Personnel, 28 East Jackson Bivd., 








Chicago 4, Illinois 


ENGINEERS 


If you have been looking for 
aad that is skilled in the STATE 


of Technical Recrui 
BILITY A INFORMATION concerning posi- 
tions, why not communicate with 
ALL POSITIONS FEE PAID. 
FIDELITY PERSONNEL SERVICE 
1218 Chestnut St. Phila. 7, Pa. 


Specialists in Aviation, Electronics and Nucleonics 


an Employment 
F THE 


itment and RELIA- 


us at once! 








128 


| 
| 


Important Message 
From 
Babcock & Wilcox 
to all 
Reactor Physicists 


We have a few select openings for Re- 
actor Physicists for the Atomic Energy 
Division, in Lynchburg, Virginia. 


PROJECT PHYSICIST 


M.S. or Ph.D., 2-5 years nuclear experi- 
ence. Position open to plan and direct 
the efforts of a group of physicists and 
engineers engaged in nuclear calcula- 
tions for power reactors. 


THEORETICAL 
REACTOR PHYSICIST 
Ph.D, or equivalent, experienced in nu- 
clear field. To develop new theoretical 
methods in the analysis of power reactor 

cores, 


SENIOR 
REACTOR PHYSICIST 
M.S. or Ph.D., 2-5 years nuclear experi- 
ence. To analyze and evaluate data from 
experimental reactor physics program, 
critical experiments, exponential piles, 
and integral reactor experiments. 


REACTOR PHYSICIST 


M.S. or Ph.D., 1-3 years experience in the 
nuclear field. Plan and perform nuclear 
calculations for power reactors. 


ELECTRONICS SPECIALIST 
M.S. or equivalent, E.E. or Physics, well 
grounded in circuit theory, 2-5 years ex- 
perience, preferably with radiation de- 
tection instruments. Work with experi- 
mental physicists in the design and modi- 
fication of equipment for reactors and 
experimental facilities. 

W. F. Porter 
Atomic Energy Division 


The Babcock & Wilcox 
Company 


161 East 42nd Street «© New York 17,N.Y. 


Murray Hill 7-6700 


PE-23-AE 
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EMPLOYMENT OPPORTUNITIES 


MECHANICAL ENGINEER, BS or MS 


EXPERIENCED IN THE NEW ENGINEERING SPECIALTY 


“Remote Handling Equipment” 


AN ENGINEER who has significant experience in ma- Specific duties of the position now open include: 
chine and tool design for remote handling equipment monitoring the design of remote handling equip- 
will find a position with high professional potential ment, writing ground handling procedures, and 


at General Electric. 

This company has already gone a 
long way in the planning of such 
manned self-propelled equipment as 
the “Beetle” whose model is pictured 
here. “Beetle” will service the nu- 
clear power plants for aircraft which 
General Electric plays a leading role 
in developing. It will have a 16 foot 
reach via manipulators attached to 


checking out the equipment at the 
test location. 

Comprehensive benefits + Reloca- 
tion expenses paid « Graduate study 
encouraged on full tuition refund 
basis « Publication of technical pa- 
pers encouraged 

Please write in confidence, includ- 
ing salary requirements, to: 

Mr. P. W. Christos, Div. 44-MR 


a cab which can be elevated 15 feet or rotated in a Aircraft Nuclear Propulsion Department 
complete circle; and will be used at the AEC’s General Electric Company 
National Reactor Testing Station in Idaho. P.O. Box 132, Cincinnati 15, Ohio 


AIRCRAFT NUCLEAR PROPULSION DEPT. 


GENERAL @@ ELECTRIC 











PROFESSIONAL 
SERVICES 














Mario Messa 


Physics and Engineering 


Consultation on instrumentation, high voltage, 
x-ray, metals, vacuum systems, and magnetic 
amplifiers. 22 years experience. 317 Grove 
St., Montclair, N.J. Pligrim 6-5996. 














YOUR ORGANIZATION 


Is it complete? 
Are you expanding it? 
Making Replacements? 


Naturally, you are anxious to secure 
the most suitable man or men avail- 
able. You want men with the special 
training that will make them an 
asset to your organization, You can 
contact such men through an adver- 
tisement in the Employment Oppor- 
tunities Section of NUCLEONICS. 


Classified Advertising Division 
NUCLEONICS 
330 W. 42nd St., New York 36, N. Y. 





For Britain 
¢ ENGINEERS ¢ PHYSICISTS °« 
¢ MATHEMATICIANS °« 


The English Electric Company of England is actively engaged in the 
design and construction of the largest Atomic Power Station in the world. 
This is one of the few commercially sound Nuclear Power Stations now 
being built for the generation of electrical power. 


Engineers, physicists & mathematicians who are interested in this work 
or who are interested in being trained for such work are invited to send 
details of their experience and qualifications to the address given below. 


It must be stressed that these interesting openings are intended for 
people with the highest academic and technical qualifications. 


Selected applicants will be interviewed by the Chief Engineer of the 
Atomic Power Division of the English Electric Company at centers in the 
United States during June and at these interviews full details will be given 
of the salaries, excellent conditions of employment and additional allow- 
ances to make this work in Britain an outstanding opportunity. 


Send resume to: Mr. Stanley Dean 


THE ENGLISH ELECTRIC COMPANY LIMITED 
23-25 BEAVER STREET . NEW YORK 4, NEW YORK 
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Curtiss-Wright ultra-sensitive 
DYNAMIC CAPACITOR ELECT ROMETER 


10—100 — 1000 mv scales 
10-5 to 10-'4 amps full scale 
Less than 1 mv drift per day 
Accuracy + 2% 

Input resistance 10'5 ohms 


Short response time 


MODEL NA100 


Price $1,075 
FOB Carlstadt, N. J. 


Pulse height spectra 


automatically plotted by 


SCANNING 


a=} 


ee 


BEENHAM GRANGE, ALDERMASTON WHARF, NR. READING, BERKS. Tel. Woolhampton 451 


Reads as low as 
> 5 
10°” amps 


with 10/2 ohms resistor 


The Curtiss-Wright Dynamic Capacitor Electro- 
meter is both a highly sensitive millivoltmeter and 
a micro-microammeter. It can be used to read 
low potentials originating in high impedance 
sources, insulation resistance, grid currents, static 
charges, etc., and as a null detector. In physics 
and chemistry, it provides measurement of pH ion 
currents in mass spectrometry. Its low drift per- 
mits reliable detection of radioactivity for health 
physics and reactor control. For complete infor- 
mation, write: Electronic Equipment Sales Dept. 


ELECTRONICS DIVISION 


CURTISS-WRIGHTs 


CORPORATION * CARLSTADT, N. J. 


ee 


This unit is used in conjunction with a rate- 
meter and single channel pulse analyser. 
The Chart recorder drum is direct coupled 
to a potentiometer which varies the bias 
voltage of the pulse analyser. The pen 
movement follows the corresponding pulse 
rate. Scanning time can be switched to 10 
minutes or | hour. Chart length per scan 
is 6 inches. 


ISOTOPE DEVELOPMENTS LIMITED 


For Quality Nucleonic Equipment Including: 
E. H. T. Units, Scalers, Ratemeters, Pulse Analysers, Scintillation 
Counters, Radio-activity Meters, Scanning Units, Timers, Ampli- 
fiers, Dosimeters, Level Indicators, Tmckness Gauges, Density 
Gauges , Static Eliminator, et 


London Office: 120 Moorgate, London, E.C.2. Tel. Met. 9641 
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New Time and Cost Saving 
Se, Opportunities in 

‘RADIATION 
ANALYSIS!” 


... with a wider choice of more versatile 
instrumentation. Write today for com- 
plete literature that will help you in- 
crease your research efficiency. 


100, 200 or 256 Channels .. . a complete 
line of multi-channel analyzers and accessories 


to fit every application .. . and budget. 


Improved Automation . “Auto-Print” op- 
eration allows faster, more efficient data gather- 


ing and presentation. 


Designed for Adaptability ... memory sub- 
grouping with external programming of opera- 
tion meets all research needs . . . provides data 


in visual, graphic or printed form. 


Greater Reliability . . . simplified circuitry 
makes for easier setup, saves maintenance time 


proven in all types of application 


bs Model 3302 
NOW, you can select instrumenta q ; 
tion specifically suited to your needs 
from RIDL's complete line. Shown te Side 
above is the Mode! 3302-200 Chan ; 
nel Analyzer, providing the ultimate i 
in accuracy, adaptability and auto Ee 


mation. At right are the Model 
3303-100 Channels, a low cost 
analyzer designed primarily for 
routine industrial or clinical analy- 
sis work and the Mode! 3301-256 


Channels, built by the original man 
ufacturer of the Argonne design 
analyzers. : 4 


Model 3303 Model 3301 








For results in the shortest time and at the lowest cost, bring 
your radiation analysis problems to headquarters . RIDL.' 
All models are available within 30 days from receipt of order. 
Complete literature, including detailed specifications on 
performance, operation and construction wil! help you make 
your selection. Write today for literature or details on leasing 
arrangements. 








RADIATION INSTRUMENT 
DEVELOPMENT LABORATORY, INC. 


5737 South Halsted Street * Chicago 21, Illinois * TRiangle 3-2345 


Representatives in major cities. 








St. John X-Ray Laboratory... .124 
Searchlight Section. .....124—129 
Shell Oil Company. . . 
Solar Aircraft Company. 
Staplex Co. The 
Stonite Coil Corp 
Superior Steel Division of Cop- 
perweld Steel Company. 
Superior Tube Co. aw 
Sylvania-Corning Nuclear Corp 50 
T. |. Nuclear Engineering Limited 
Technical Associates. . 83 
Technical Measurement Corpo- 
ration re 
Tennessee Coal & Iron. . 44C 
United States Pipe & Foundry 
Co. Steel & Tubes Division, 38, 39 
United States Radium Corpora- 
tion ac sn S0ae 
United States Steel Corpora- 
tion. ... ..44B, 44C 
United States Steel Export Cor- 
poration : ... -44C 


Victoreen Instrument Company, 


Vitro Corporation of America. 82 
Westinghouse Electric Corp. 

Atomic Power Department. . 100 

Bettis Atomic Power Div... .120 
Westinghouse Electric Corp... 46 
Westronics Incorporated... ..44D 
Wheeler Mfg. Co. C. H. 93 
Where To Buy.. is oe 
Zallea Brothers 37 


PROFESSIONAL SERVICES.129 
CLASSIFIED ADVERTISING 
F. J. Eberle, Business Mar. 

EMPLOYMENT 
OPPORTUNITIES .... 
EQUIPMENT 
Used or Surplus New 
Atomic Power Development 
sociates Inc 
Babcock & Wilcox Co 
The English Electric Co., Ltd... 12$ 
Fidelity Personnel Service 
General Atomic 
General Electric Company.....! 
International Business Machines 
Corp. 


Monarch Personnel...........- 
National Lead Co............- 126 
Nuclear Science & Engineering 
Corp 
Saskachewan Department 
Public Health 


This index is published as a service. 
Every care is taken to make it accurate, 
but NUCLEONICS assumes no responsi- 
bility for errors or omissions. 
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Baird -Atomic 


k In the new and highly complex field of radioactivity scintilla- 
is FIRST tion studies, Baird-Atomic has developed three outstanding 
. analytical systems. These Scintillation Spectrometers — the 


first of their kind — offer precision, speed, stability and 


1Tl 
T extreme sensitivity for qualitative and quantitative studies of 
L LAT] N gamma-emitting isotopes. 
SPECT 








HISTOGRAM 540 | 
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For further information on these 
and other Atomic Instrument Systems, 
request B-A Catalog A-2 


Baird -Atomic, Inc. 











33 UNIVERSITY RD., CAMBRIDGE 38, MASS 


Baird-Atomic leads the field . .. 


FIRST 
IN DIFFERENTIAL SPECTROMETRY 


The B-A Single Channel Scintillation 
Spectrometer is the standard of the field 
for differential analysis of gamma-emit- 
ting isotopes. This is a new, all-electronic 
system .. . extremely stable, excellent 
non-overloading characteristics with ut- 
most reliability. 


FIRST 


IN AUTOMATIC RECORDING SPECTROMETRY 


The B-A Automatic Scintillation Spec- 
trometer is an exclusive, programmed re- 
cording instrument . . . introducing a 
new concept in automatic data processing 
to the field of atomic instrumentation . . . 
providing automatic histogram-plotting 
of integral or differential spectra. Record- 
ing unit (not illustrated) can be one of 
many commercial models. 


Finer 
IN HIGH SPEED MULTICHANNEL 
DIFFERENTIAL SPECTROMETRY 


The B-A Multichannel Scintillation Spec- 
trometer is the fastest, most stable multi- 
channel analyzer available 
unsurpassed for analyzing high resolu- 
tion pulse spectra under all counting 
conditions . . . 20 to 120 channels. 
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Dynamic light patterns illustrate boron’s shielding qualities. 


Pict. GRAPHITE WITH BORON 


.for thermal neutron shielding and control rod applications 


National Carbon Company combines various per- “National” Graphite with boron additions also 
centages of boron carbide, a high absorber of has the qualities necessary for reactor control 
neutrons, with “National”? Graphite to produce a rods; namely, high absorption characteristics for 

aterial ideally suited for reactor shielding and thermal neutrons, adequate strength, low mass to 


control rods. permit rapid movement, good resistance to corro- 


This material, 
additions, maintains the excellent structural quali- factory heat transfer. 
ties of increasing strength with temperature rise, Whatever your needs — extreme purity, unique 
no melting point, etc. In addition, it combines the shapes and sizes, high or low density, large quanti- 
characteristics of graphite with the ties, quick shipment of material — call National 
characteristics of boron to make an Carbon Company, the nation’s most experienced 


“National” Graphite with boron sion, stability under heat and irradiation and satis- 


moderating 
absorption 
ideal thermal neutron shielding material. graphite producer. 

Le) ited.) 
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The terms “National” and nion Carbide" are registered trade-marks of Union Carbide Corporation 


NATIONAL CARBON COMPANY < Division of Union Carbide Corporation: 30 East 42nd Street, New York 17, N. Y. 


Sales Offices: Atlanta, Chicago, Dallas, Kansas City, Los Angeles, New York, Pittsburgh, San Francisco. In Canada: Union Carbide Canada Limited, Toronto. 





